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MODIFICATION OF AUTHORIZATION TO DISCHARGE UNDER THE
NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

In compliance with the provisions of the Federal Clean Water Act as amended, (33 U.S.C. 8§
1251 et seq.; the “CWA?”),

Upper Blackstone Water Pollution Abatement District (UBWPAD)
is authorized to discharge from the facility located at:
Upper Blackstone Water Pollution Abatement District
50 Route 20
Millbury, MA 01527

to receiving water named: Blackstone River
in accordance with effluent limitations, monitoring requirements and other conditions set forth in
the permit issued on August 22, 2008, that went into effect on January 1, 2009, with the
following changes as set forth herein and listed as follows:

Part I.A.1., Addition of a monthly average effluent limitation for total aluminum and
associated monitoring requirement.

This permit modification shall become effective June 1, 20009.
This permit modification and the authorization to discharge shall expire at midnight, September
30, 2013. This permit modification modifies the conditions included in Part I.A.1.a. of the

portion of the final permit that went into effect on January 1, 2009.

This permit modification consists of 1 attached page.
Signed this 15" day of April, 2009

/s/ SIGNATURE ON FILE

Director

Office of Ecosystem Protection
Environmental Protection Agency
Boston, MA
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The following modifications are made to the effluent limitations and monitoring requirements: Addition of the following effluent
limitation and associated monitoring requirement.

Al During the period beginning on the effective date and lasting through expiration, the permittee is authorized to discharge treated sanitary and industrial wastewater
from outfall serial numbers 001 and 001A (high flow outfall) to the Blackstone River. Such discharges shall be limited and monitored as specified below.

EFFLUENT
CHARACTERISTIC

EFFLUENT LIMITS

MONITORING REQUIREMENTS

PARAMETER AVERAGE AVERAGE AVERAGE AVERAGE MAXIMUM MEASUREMENT SAMPLE
E—— MONTHLY WEEKLY MONTHLY WEEKLY DAILY FREQUENCY TYPE
24-HOUR
TOTAL ALUMINUM Kkkkkkkkk Kkkkkkkkk 87 Hg/l Kkkdkkdkk Report ug/l 1/Week COMPOSITE 3

All sampling shall be representative of the effluent that is discharged through outfalls 001 and 001A to the Blackstone River. A routine sampling

program shall be developed in which samples from outfall 001 are taken at the same location, same time and same days of every month.

Occasional deviations from the routine sampling program are allowed, but the reason for the deviation shall be documented in correspondence
appended to the applicable discharge monitoring report. In addition, all samples shall be analyzed using the analytical methods approved by EPA

in accordance with 40 CFR §136.
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RESPONSE TO PUBLIC COMMENTS

On January 30, 2009, the United States Environmental Protection Agency - Region 1
(Region) public noticed a draft permit modification of the National Pollutant Discharge
Elimination System (NPDES) permit issued to the Upper Blackstone Water Pollution
Abatement District (UBWPAD) on August 22, 2008 (final permit). The draft permit
modification proposes to add a numeric effluent limitation and associated monitoring for
aluminum to the conditions included in the final permit. The comment period ended on
February 28th, 2009, and comments were received from the law firm of Bowditch &
Dewey on behalf of the UBWPAD as well as from the National Oceanic and
Atmospheric Administration, National Marine Fisheries Service (see Attachment A
(comment letters) for the full text of the comments). Following a review of the
comments received, EPA has made a final decision to issue the permit modification
authorizing this discharge. In accordance with the provisions of 40 CFR § 124.17, this
document briefly describes and responds to the comments received on the draft permit
modification. By letter to the Massachusetts Department of Environmental Protection
(MassDEP) dated January 28, 2009, the Region requested MassDEP’s certification for
the proposed permit modification pursuant to Section 401(a) of the Clean Water Act
(CWA) and 40 CFR § 124.53. By letter dated April 13, 2009, MassDEP waived state
certification on the modification pursuant Section 401(a)(1) of the CWA and 40 CFR §
124.53(a).

A copy of the final permit modification may be obtained by calling or writing either
David Pincumbe or Meridith Timony, United States Environmental Protection Agency,
One Congress Street, Suite 1100 (CMP), Boston, Massachusetts 02114-2023; Telephone:
(617) 918-1533. Copies of the final permit modification and the response to comments
may also be obtained from the EPA Region | website at
http://www.epa.gov/regionl/npdes/index.html.

The following is the Region’s response to the comments received on the draft permit
modification:

A. Comments received from Robert D. Cox, Jr., Bowditch & Dewey, LLP, Legal
Counsel, Upper Blackstone Water Pollution Abatement District, dated February 27,
2009.

Comment #1. The Region uses incomplete and incorrect data, and reaches incorrect
conclusions.

Response #1. The commenter states that EPA should have used all available whole
effluent toxicity (“WET?”) data from the years 2004 to 2008 in its analysis. In the
statement of basis accompanying the draft permit modification, the Region fully
described its rationale for including or excluding data. Because Massachusetts water
quality standards require water quality criteria to be met even during severe hydrological
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conditions, i.e., periods of critical low flow when the volume of the receiving water is
able to provide relatively little dilution, we focused on that WET data that was collected
during low flow conditions. In Massachusetts, NPDES permit limits for discharges to
rivers and streams must be calculated based on the “7Q10,” or “the lowest mean flow for
seven consecutive days to be expected once in ten years.” See 314 C.M.R.§ 4.03(3).
When analyzing the reasonable potential to exceed an ambient criterion value under
7Q10 flow conditions, we targeted the data collected during the typical low flow period
of June through October. We then checked the actual flow for the dates on which the
WET tests were conducted during this period and used only the data collected during
actual low flow conditions. This approach excluded the use of the October 2008 data, as
they were not collected during low flow conditions. Additionally, as we mentioned in the
statement of basis, the July 2006 data were not available to EPA. Furthermore, we did
not use the 2004 data because we determined that evaluating four years of data (2005
through 2008) was sufficient for establishing that there is a reasonable potential that the
chronic criterion could be exceeded, and for setting the aluminum limit.

The commenter also questions EPA’s assumption of a value equal to the detection limit
for two WET results that were below the detection limit (i.e., reported as non-detect).
We adopted a reasonably conservative approach given our mandate to ensure that
discharges meet state water quality standards. However, even if we had excluded the
results that were below the detection limit from our data base or assumed half the
detection limit (as the commenter suggests), our conclusions would have been the same.
Specifically, the upstream receiving water average concentration calculated in the
statement of basis was 114 pg/l. The upstream receiving water average concentration
when non-detects are excluded is 120 pg/l, and if non-detects were included with a value
of one half the detection limit, the average value would be 100 pg/l. Similarly, the
average concentration of aluminum detected in the wastewater treatment plant’s effluent
that was used in the calculations presented in the Fact Sheet is 127 pg/l. If non-detects
are excluded, the average concentration is 124 pg/l, and if the non-detects are included
and assigned a value equal to one half of the detection limit, the average value is 103
pa/l. Since the upstream concentration and the effluent concentration both exceed the
applicable chronic criterion (87 pg/l) under any of these averaging methods, there is
clearly reasonable potential for the discharge to cause or contribute to a violation of water
quality standards.

Furthermore, even if we had used all of the available data between 2004 and 2008
(including data collected during high flow events, as the commenter suggests), average
aluminum concentrations in both the receiving water and the effluent still exceed the
chronic criterion. See Comments at Table 1. Accordingly, even undertaking the analysis
as the commenter requests, we would have concluded that there is a reasonable potential
for effluent discharges of aluminum to cause or contribute to an exceedance of the
applicable water quality criterion.

The commenter next suggests that there is a “direct correlation” between elevated
ambient aluminum levels and UBWPAD’s effluent values for aluminum and then offers a
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theory as to why the ambient conditions are high and why they should be considered
naturally occurring. The commenter suggests that effluent levels are a function of
ambient levels without explanation beyond the presentation of a graph showing treatment
plant and receiving water aluminum data. See Comments at Figure 1. As a preliminary
matter, the graph does not demonstrate a direct correlation between elevated ambient
aluminum levels and the District’s effluent values for aluminum. Moreover, we also do
not see any demonstration in the graph (or elsewhere in the comments) that the aluminum
levels are naturally occurring. The presentation does not factor in, or even acknowledge
the multitude of industrial and commercial indirect dischargers to the wastewater system
and the addition of aluminum by the City of Worcester, UBWPAD’s largest member
community, as part of its drinking water treatment process. Similarly, given the highly
urbanized nature of the watershed above the discharge, including numerous industrial and
commercial sites with storm water runoff and some with direct wastewater discharges to
the river, including the City of Worcester discharging aluminum to the receiving water as
part of the water supply treatment process, the commenter has not made a sufficient case
that the ambient levels are naturally occurring.

Comment #2. The EPA National Recommended Water Quality Criteria for aluminum
may not be appropriate to apply to the District's discharge.

Response #2. The commenter references alternative approaches for establishing an
effluent limitation (such as the development of site specific criteria discussed in EPA’s
National Recommended Water Quality Criteria at footnote L or the adoption of revisions
to state standards for aluminum as occurred in West Virginia), as well as studies of
aluminum salts in water (Canada Gazette), to support its argument that application of the
national chronic criterion is too stringent in setting the aluminum effluent limitation in
this permit modification. However, in the absence of site-specific criteria for the
Blackstone River or the development and adoption of statewide criteria that are different
from the national criteria, we are compelled to establish limits that ensure compliance
with all existing applicable criteria.

Even if there is a clear correlation between elevated ambient aluminum levels and
aluminum levels in UBWPAD?’s effluent, it is not clear how this would allow us to justify
the lack of a water quality based limit when there is reasonable potential for the discharge
to cause or contribute to a violation of existing water quality criterion. The aluminum
limit was set specifically to meet the requirement in the Massachusetts water quality
standards that “[a]ll surface waters shall be free from pollutants in concentrations or
combinations that are toxic to humans, aquatic life or wildlife.” 314 C.M.R. § 4.05(e).
Massachusetts implements that requirement by specifying that, “[f]or pollutants not
otherwise listed in 314 CMR 8§ 4.00, the National Recommended Water Quality Criteria:
2002, EPA 822R-02-047, November 2002 published by EPA pursuant to Section 304(a)
of the Federal Water Pollution Control Act, are the allowable receiving water
concentrations for the affected waters, unless the Department ...establishes a site specific
criterion[.]” Id. In those cases where the state does develop site-specific criteria,
Massachusetts regulations require that such an effort be documented and subject to full
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inter-governmental coordination and public participation. See 314 C.M.R. §
4.05(5)(e)(4). In addition, federal law requires EPA’s review and approval of
Massachusetts” development and adoption of site-specific criteria. See 40 C.F.R. §
131.11(b)(1)(ii) and 40 C.F.R.8 131.21. Aluminum has not been “otherwise listed” in
314 CMR 4.00 and no site-specific criteria for the Blackstone River have been developed
for this pollutant. In the absence of site-specific criteria, the Region appropriately based
the aluminum limit on the relevant criterion in the National Recommended Water Quality
Criteria. If UBWPAD wants to pursue a water effects ratio as suggested in the criteria
document (see footnote L), or to encourage Massachusetts to develop new statewide
aluminum criteria, then we suggest that the District begin a dialogue with the
Massachusetts Department of Environmental Protection on this issue. We are happy to
provide any guidance and assistance that we can if the Commonwealth determines it
appropriate to pursue either of these approaches.

However, we cannot wait for such process to commence to set an effluent limitation for
aluminum in light of our obligation under the CWA to ensure attainment of state water
quality standards. The Region’s decision to move forward with an effluent limit for
aluminum at this time is consistent with the CWA and EPA’s regulations, which provide
for the reissuance of permits on a regular basis so that permit terms are revisited and
reviewed rather than left unexamined and unchanged for long periods of time. See 33
USC 88§ 1342(a)(3) and (b)(1)(B), and 40 C.F.R. § 122.46(a). This regular and periodic
review supports the CWA’s goal of restoring and maintaining the chemical, physical and
biological integrity of the Nation’s waters.

On August 22, 2008, EPA reissued the District’s NPDES permit with monitoring
requirements, but no effluent limitation, for aluminum. In its petition for review of the
final permit, Trout Unlimited asserted that an effluent limitation for aluminum should
have been established in the final permit due to the existence of effluent data which
suggest that the concentrations of aluminum in the effluent are at levels known to be
detrimental to the fish populations in the Blackstone River. As stated in the statement of
basis accompanying the draft permit modification, we reevaluated the available effluent
data and other pertinent information in light of the petition filed by Trout Unlimited, from
which we concluded that there is reasonable potential for the District’s discharge to cause
or contribute to an excursion above the applicable state water quality standards, and that
the incorporation of a numeric effluent limitation for aluminum in the permit is
warranted.

Comment #3. The Region's approach to effluent limits is counterproductive.

Response #3. While we concur with the importance of good communication between the
Region, states, permittees and other parties interested in the NPDES permitting process,
we do not anticipate that the recent discussions between EPA and the Massachusetts
Coalition for Water Resources Stewardship are going to lead to any near term regulatory
revisions that would support the calculation of less stringent aluminum limits.
Furthermore, the commenter does not explain how general discussions about increased
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communication between EPA, permittees, and other stakeholders would allow EPA to
deviate from our statutory and regulatory authority. Consequently, since we are required
to reissue permits that incorporate limits consistent with the Clean Water Act and its
implementing regulations in their current form, the final permit modification retains the
aluminum limit proposed in the draft.

Discussions between EPA and dischargers related to the development of the general
permit for filter backwash discharges from drinking water treatment facilities are focused
on how to ensure compliance with the criteria and not on modifying the criteria. These
facilities typically involve intermittent discharges (as opposed to UBWPAD’s continuous
discharge) and often involve discharges to reservoirs where determining mixing zones
and associated dilution levels are significantly more complex than discharges to a riverine
system.

B. Comment received from Mary A. Colligan, Assistant Regional Administrator for
Protected Resources, National Oceanic and Atmospheric Administration, National
Marine Fisheries Service Northeast Region, dated January 30, 2009.

Comment #1. This is in response to Public Notice MA-012-09 dated January 30, 2009
regarding a proposed National Pollutant Discharge Elimination System (NPDES) permit
modification for the Upper Blackstone Water Pollution Abatement District located in
Millbury, Massachusetts. The receiving water for the discharge is the Blackstone River.
These comments are offered by the Protected Resources Division of NOAA'’s National
Marine Fisheries Service (NMFS).

While several species of listed whales and sea turtles occur seasonally in waters off the
Massachusetts coast and populations of the federally endangered shortnose sturgeon
occur in the Connecticut and Merrimack Rivers, no listed species are known to occur in
the Blackstone River. As such, no further coordination with NMFS PRD is necessary.

Response #1. EPA acknowledges the comment.
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Attachment A

Comments Submitted on the Draft Permit Modification of the Upper
Blackstone Water Pollution Abatement District’s NPDES Permit (NPDES
Permit No. MA0102369)



Bowditch
& Dewey

Robert D. Cox, Jr.

Direct telephone: (508) 926-3409
Direct facsimile: (508) 929-3012
Email: rcox@bowditch.com

February 27, 2009

BY E-MAIL - timonvy.meridith(@epa.gov
AND HAND DELIVERY

U.S. Environmental Protection Agency
NPDES Permit Unit — CPE

One Congress Street, Suite 1100 (CMP)
Boston, MA 02114-2023

Attention: Meridith Timony

Re:  Comments on Draft NPDES Permit Modification
Upper Blackstone Water Pollution Abatement District
NPDES Permit No. MA0102369
Public Notice No. MA-012-09

Dear Ms. Timony:

On behalf of the Upper Blackstone Water Pollution Abatement District (“District”),
Bowditch & Dewey, LLP in its capacity as District Legal Counsel, respectfully submits the
District’s comments on the draft modification of its NPDES Permit identified above and
described in Public Notice No. MA-012-09, dated January 30, 2009 (the “Public Notice™) issued
by the U.S. Environmental Protection Agency — Region 1 (*Region™) (the “2009 Modification™).
The Public Notice, inclusive of the cover letter to the District, Region’s letter to Mr. Glen Haas
of the Massachusetts Department of Environmental Protection (“MA DEP”), and the 2009
Modification are attached as Exhibit A.'

The Region states that the purpose of the 2009 Modification is to add a numeric effluent
limitation and associated monitoring for aluminum to the conditions included in the permit
issued in August 2008. See 2009 Modification at page 3. The District believes the 2009
Modification does not accurately describe its discharge and by this letter the District is notifying
the Region in writing of its comments prior to the last day of the public comment period,
identified by the Region as Saturday, February 28, 2009. This letter constitutes the District’s
best effort to raise all reasonably ascertainable issues and to submit all reasonably available

! Please note that the cover letter to the District with the Public Notice attached is incorrectly dated January 28,
2008. For clarity in the record, the District received said letter and Public Notice on January 30, 2009.

INATIONAL FLA N

www bowd tch com
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arguments supporting the District’s position in advance of the close of the public comment
period on February 28, 2009 in accordance with the provisions of 40 CFR 124.13, and the
District respectfully reserves the right to supplement this record in the future as appropriate to
address its concerns with the 2009 Modification.

The District’s comments reflect three main concerns. First, the Region, in proposing to
add a chronic aluminum effluent limitation and associated monitoring requirements to the
District’s NPDES Permit, used and relied upon incomplete and incorrect data and as a result
reached incorrect conclusions. Second, ambient aluminum levels in the Blackstone River above
the District’s discharge point routinely exceed the EPA’s current National Recommended Water
Quality Criteria for aluminum used to establish the proposed aluminum limit in the 2009
Modification and therefore use of EPA’s criteria may not be appropriate. Third, the District
contends that the Region’s approach to establishing and imposing the proposed aluminum
effluent limitation is counterproductive, particularly in light of the recent efforts between the
Region and a working group inclusive of a variety of municipal officials to discuss the NPDES
permitting process. The District’s comments are presented in greater detail below.

The Region Uses Incomplete and Incorrect Data, and Reaches Incorrect Conclusions

The Region selectively used the District’s whole effluent testing (WET test) data, leaving
out data from 2004, a portion of 2005, most of 2006, half of 2007, and most of 2008. This
selective use of data allows the Region to form the erroneous conclusion that an aluminum limit
is needed in the District’s NPDES permit. The Region not only ignored much of the data during
the time period it reviewed, but it also incorrectly recorded values for results that were below
detection limits as equal to the detection limit value. Specifically, the Region reported values as
100 ug/L, the method detection limit, in June, 2005 and October 2006 where the reported values
were below detections limits. A more appropriate approach would be to use one-half the
detection limit, or to exclude these values from the calculation.

As summarized in Table 1, when all of the data between January, 2004 and the present
are properly evaluated (values below the detection limit being excluded), the resulting statistics
are quite different from those utilized by the Region as the basis of the 2009 Modification to
impose a chronic aluminum effluent limitation with associated monitoring requirements. The
results obtained using this full data set, properly analyzed, show that the District’s effluent is
consistently below ambient levels in the Blackstone River. Indeed, there were only two times
where the District’s effluent exceeded the proposed aluminum limit when the waters of the
Blackstone River above the District’s discharge did not.> The complete data set from January
2004 to present is attached as Exhibit B.

? The District’s effluent is above the EPA’s current National Recommended Water Quality Criteria for aluminum for
only 25% of the sampling events depicted in Figure 1.
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Table 1
Aluminum o ~ AVG. MAX  MIN |
) (mg/L) (mg/L) (mg/L)
Values Per Region Permit
Modification Fact Sheet
- District effluent 0.127 0.344 0.045
Ambient River 0.114 0.183 | 0035

Corrected values from R m
UBWPAD |

| District effluent 0.092 | 0.344 0.026
"~ Ambient River 0.120 ; 0.320 0.035

As demonstrated by the data provided in Table 1, and supported by the complete data set
attached as Exhibit B, the District’s effluent values are typically below ambient river values for
aluminum. In addition, the District’s aluminum values tend to vary with ambient conditions.
Figure 1 depicts aluminum values from WET test plant effluent and ambient samples from the
river above the District’s discharge point. As Figure 1 demonstrates, there is a direct correlation
between elevated ambient aluminum levels and the District’s effluent values for aluminum.

Figure 1
Aluminum Values from WET Tests
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The ambient conditions can be explained. Increasing episodic acidification of native
soils leading to elevated aluminum concentrations in receiving waters is a central hypothesis of
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one of the papers submitted by Trout Unlimited in its petition of the District’s NPDES Permit
currently on appeal before the Environmental Review Board. The Trout Unlimited appeal and
referenced paper are attached as Exhibit C. Such increasing episodic acidification of native soils
leading to elevated aluminum is the effect observed in the Blackstone River, as shown by the
information presented in Figure 1. One reasonable interpretation of Figure 1 is that acid rain is
causing aluminum to leach from the soil matrix, a condition which the District can not control.
Such a conclusion should not be surprising, as aluminum is the third most abundant element in
the Earth’s crust, and is present in the granitic rock formations of New England. Taken together,
these facts suggest that such aluminum conditions are naturally occurring. Under such
circumstances, the EPA’s National Recommended Water Quality criterion for aluminum would
not apply since pursuant to 314 CMR 4.05(5)(e) MA DEP adopts the EPA criterion as the state
water quality criterion, except where naturally occurring background concentrations are higher.
Since the naturally occurring background concentrations exceed the EPA Recommended Water
Quality criterion, the background concentration of aluminum becomes the relevant water quality
criterion.

The EPA National Recommended Water Quality Criteria for Aluminum May Not Be
Appropriate to Apply to the District’s Discharge.

As the Region is aware, its own guidance indicates that the water quality criteria for
aluminum may be significantly over-protective. See EPA’s National Recommended Water
Quality Criteria at footnote L, attached as Exhibit D.* The Region is also likely aware that other
US EPA regional offices have approved revisions of the EPA’s National Recommended Water
Quality criterion for aluminum. See Letter of Jon M. Capacasa, Director, US EPA Region III
Water Protection Division to Lisa McClung, Director Water and Waste management Division,
West Virginia Department of Environmental Protection dated January 9, 2006 and attached as
Exhibit E. Further, the Region is aware that both water and wastewater utilities are concerned
about such low limits because of the value of various aluminum salts in both water and
wastewater treatment. Importantly, published studies of aluminum salts in water stand for the
proposition that the EPA’s National Recommended Water Quality Criteria for aluminum in
water used to establish the 2009 Modification aluminum limit on the District’s discharge is too
conservative, especially in colder climates. See Canada Gazette, Part I, Vol. 143, No. 6 Ottawa,
Saturday February 7, 2009, attached as Exhibit F and Canadian Environmental Protection Act,
1999; Priority Substances List Assessment Report Follow-up to the State of Science Report,
2000; Aluminum Chloride, Aluminum Nitrate, Aluminum Sulphate, Chemical Abstracts Service
Registry Numbers 7446-70-0, 13473-90-0, 10043-01-3; Environment Canada and Health
Canada, November 2008, attached as Exhibit G.

3The District has attached two publications of the EPA’s National Recommended Water Quality Criteria list. The
first as published by the US EPA Office of Water, Office of Science and Technology, National Recommended
Water Quality Criteria, 2006 (4304T); the second as presented on the US EPA website. Footnote L appears on
pages 17 and 7 respectively.
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The Region’s Approach to Effluent Limits is Counterproductive

The District fully appreciates the need to establish practical effluent limits on aluminum
to protect ecologically important resources. However, the Region’s proposed aluminum limit in
the 2009 Modification does not serve this objective well. Indeed, the Region has recently
entered into extensive discussions with various dischargers and trade associations to discuss
ways to resolve the issues associated with aluminum effluent limits prior to the issuance of a
general permit for water treatment plant discharges.

Presently, the District does not use any aluminum salts in its treatment process, but may
in the future. Since the District is not a user of aluminum salts and because the data indicate a
strong correlation between ambient aluminum water quality and the District’s effluent quality
(see Exhibit B and prior discussion), it is the District’s position that a more comprehensive
approach to the resolution of the aluminum limit should be followed. Specifically, we request
that the Region withdraw the draft permit, and then enter into a dialog with a variety of
stakeholders concerning the development of a Blackstone River specific strategy for aluminum
control. The District suggests that the stakeholders should include dischargers, governmental
regulatory agencies and nongovernmental groups with a strong interest in this issue, such as
Trout Unlimited. It is the District’s position that such an approach will maximize the successful
resolution of the aluminum issue, in the shortest time frame possible. Continuing attempts to
address aluminum within the District’s permit process will likely hamper the ability of all
interested parties to have a fruitful dialog.

The District believes that withdrawal of the proposed permit modification and
development of a working group is consistent with six months of discussions recently concluded
between the Agency and a variety of municipal officials over the NPDES process. In the course
of these discussions, there was agreement among the parties that enhanced communications is
desirable. The parties subsequently issued a report which in its conclusion section reflected the
following:

Communication. All parties agreed that better communication is needed between
regulators and permittees. There was also recognition that internal communications
within regulatory agencies and a breakdown of regulatory permitting silos is necessary.
EPA committed to an early and open dialogue with permittees and all stakeholders in a
given watershed at least relative to major watersheds, while adding that permittees also
need to let the agencies know that they are interested in such a dialogue.

See Massachusetts Coalition for Water Resources Stewardship Report to the Massachusetts
Congressional Delegation on Regulatory Reform, December 2008, at page 12, attached as
Exhibit H.
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In conclusion, the District respectfully requests that the Region withdraw the 2009
Modification for all the reasons set forth in these comments inclusive of all attachments and
referenced materials.

Sincerely,

74D G Je

J %f“_
Robert D. Cox, Jr.

Bowditch & Dewey, LLP

Legal Counsel, Upper Blackstone Water
Pollution Abatement District

cc: Thomas K. Walsh, P.E. Engineer-Director
Roger Jansen, EPA
John Gall, CDM
Glen Haas, MA DEP
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GOVERNMENT NOTICES

DEPARTMENT OF THE ENVIRONMENT
DEPARTMENT OF HEALTH
CANADIAN ENVIRONMENTAL PROTECTION ACT, 1999

Publication after assessment of a substance — Aluminum chloride,
CAS No. 7446-70-0,; Aluminum nitrate, CAS No. 13473-90-0, and
Aluminum sulphate, CAS No. 10043-01-3 — specified on the
Priority Substances List [subsection 77(1) of the Canadian
Environmental Protection Act, 1999/

Whereas a summary of the draft assessment report conducted
on the substances aluminum chloride, aluminum nitrate and alum-
inum sulphate, specified on the Priority Substances List, is an-
nexed hereby;

Whereas the Ministers have made their determination as to
whether or not aluminum chloride, aluminum nitrate and alumi-
num sulphate are toxic or capable of becoming toxic pursuant to
section 78 of the Act, on November 24, 2008, for the Minister of
the Environment and on November 21, 2008, for the Minister of
Health; and

Whereas it has been determined that aluminum chloride, alum-
inum nitrate and aluminum sulphate do not meet any of the criter-
ia set out in section 64 of the Act,

Notice therefore is hereby given that the Ministers of the En-
vironment and of Health propose to take no further action on
aluminum chloride, aluminum nitrate and aluminum sulphate at
this time under section 77 of the Act.

Public comment period

As specified under subsection 77(5) of the Canadian Environ-
mental Protection Act, 1999, any person may, within 60 days
after publication of this notice, file with the Minister of the En-
vironment written comments on the measure the Ministers pro-
pose to take and on the scientific considerations on the basis of
which the measure is proposed. More information regarding the
scientific considerations may be obtained from the CEPA Regis-
try Web site (www.ec.gc.ca/CEPARegistry/subs_list/assessments.
cfm). All comments must cite the Canada Gazette, Part 1, and the
date of publication of this notice and be sent to the Executive
Director, Existing Substances Division, Gatineau, Quebec K1A
OH3, 1-800-410-4314 or 819-953-4936 (fax), or by email to
Existing.Substances.Existantes@ec.gc.ca.

In accordance with section 313 of the Canadian Environmental
Protection Act, 1999, any person who provides information in
response to this notice may submit with the information a request
that it be treated as confidential.

GEORGE ENEI

Acting Director General
Science and Risk Assessment Directorate

On behalf of the Minister of the Environment

KAREN LLOYD

Director General
Safe Environments Programme

On behalf of the Minister of Health

AVIS DU GOUVERNEMENT

MINISTERE DE L’ENVIRONNEMENT
MINISTERE DE LA SANTE

LOI CANADIENNE SUR LA PROTECTION DE
L’ENVIRONNEMENT (1999)

Publication aprés évaluation préalable d’une substance —

le Chlorure d’aluminium, numéro de CAS 7446-70-0, le Nitrate
d’aluminium, numéro de CAS 13473-90-0 et le Sulfate
d’aluminium, numéro de CAS 10043-01-3 — inscrite sur la Liste
des substances d’intérét prioritaire [paragraphe 77(1) de la Loi
canadienne sur la protection de I’environnement (1999)/

Attendu qu’un résumé de 1’ébauche du rapport d’évaluation
concernant une entrée de la Liste des substances d’intérét priori-
taire (soit le chlorure d’aluminium, le nitrate d’aluminium et le
sulfate d’aluminium), est ci-annexé,;

Attendu que les ministres ont déterminé si le chlorure d’alumi-
nium, le nitrate d’aluminium et le sulfate d’aluminium sont effec-
tivement ou potentiellement toxiques en vertu de 1’article 78 de la
Loi, et ce, le 24 novembre 2008 dans le cas du ministre de I’Envi-
ronnement et le 21 novembre 2008 dans celui de la ministre de la
Santé;

Attendu qu’il a été déterminé que le chlorure d’aluminium, le
nitrate d’aluminium et le sulfate d’aluminium ne satisfont a aucun
des criteres énoncés a I’article 64 de la Loi,

Avis est par les présentes donné que les ministres de I’Environ-
nement et de la Santé proposent de ne rien faire pour le moment a
I’égard du chlorure d’aluminium, du nitrate d’aluminium et du
sulfate d’aluminium en vertu de 1’article 77 de la Loi.

Délai pour recevoir les commentaires du public

Comme le précise le paragraphe 77(5) de la Loi canadienne sur
la protection de I’environnement (1999), dans les 60 jours suivant
la publication du présent avis, quiconque le souhaite peut soumet-
tre par écrit au ministre de I’Environnement ses observations sur
la mesure qui y est énoncée et les considérations scientifiques la
justifiant. Des précisions sur les considérations scientifiques peu-
vent étre obtenues sur le site Web du Registre de la LCPE (www.
ec.ge.ca/registrelcpe/subs_list/assessments.cfm). Tous les com-
mentaires doivent mentionner la Partie I de la Gazette du Canada
et la date de publication du présent avis, et étre envoyés au Direc-
teur exécutif, Division des substances existantes, Gatineau (Qué-
bec) K1A OH3, 1-800-410-4314 ou 819-953-4936 (télécopieur),
Existing.Substances.Existantes@ec.gc.ca (courriel).

Conformément a I’article 313 de la Loi canadienne sur la
protection de [’environnement (1999), quiconque fournit des ren-
seignements en réponse au présent avis peut en méme temps
demander que ces renseignements soient considérés comme
confidentiels.

Le directeur général par intérim
Direction des sciences
et de l’évaluation des risques

GEORGE ENEI
Au nom du ministre de I’Environnement

La directrice générale
Programme de la sécurité des milieux

KAREN LLOYD
Au nom de la ministre de la Santé
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ANNEX

Summary of the assessment report on three aluminum
salts — aluminum chloride, aluminum nitrate and
aluminum sulphate

The three aluminum salts, aluminum chloride, aluminum ni-
trate and aluminum sulphate, were included on the Priority Sub-
stances List (known as the Second Priority Substances List, or
PSL2) under the Canadian Environmental Protection Act, 1999
(CEPA 1999) in order to assess the potential environmental and
human health risks posed by exposure to aluminum derived from
these three salts in Canada.

In December 2000, the PSL2 assessment of the three aluminum
salts was formally suspended due to limitations in the available
data for assessing health effects. At the same time, a State of the
Science report on the three aluminum salts was released, provid-
ing an in-depth review of toxicity and exposure information relat-
ing to human health and the environment. During the suspension
period, additional health effects information was published in the
scientific literature and is considered here.

In Canada, municipal water treatment facilities are the major
users of aluminum chloride and aluminum sulphate, accounting
for 78 % of the estimated 16.1 kilotonnes of the 2006 domestic
consumption. Industrial water and wastewater treatment, and use
in the pulp and paper industry, account for an additional 20%.
Aluminum sulphate and aluminum chloride are also used as in-
gredients in drugs and cosmetics, such as antiperspirants and
topical creams. Aluminum sulphate is permitted as a food addi-
tive in a limited number of products. Aluminum nitrate, used in
far less quantities than sulphate and chloride salts, may be used in
fertilizers, and as a chemical reagent in various industries.

Aluminum salts occur naturally in small quantities in restricted
geological environments and aluminum can be released into the
Canadian environment from these natural sources. However,
since aluminum is present in relatively large amounts in most
rocks, dominantly in aluminosilicate minerals, which weather and
slowly release aluminum to the surface environment, the small
amounts of aluminum in surface waters resulting from weathering
of aluminum salts such as aluminum sulphate cannot be distin-
guished from other natural aluminum releases.

During their use in water treatment, aluminum salts react
rapidly, producing dissolved and solid forms of aluminum with
some release of these to Canadian surface waters. The amount of
anthropogenic aluminum released nationally is small compared
with estimated natural aluminum releases; however, anthropo-
genic releases can dominate locally near strong point sources.
Most direct release into surface waters of aluminum derived from
the use of aluminum salts in water treatment processes originates
from drinking water treatment plants. However, direct releases of
process waters from drinking water treatment plants are regulated
by many provincial and territorial authorities, and these releases
typically occur in circumneutral water, where the solubility of
aluminum is minimal. Disposal of sludge produced by municipal
and industrial water treatment facilities on land through landfarm-
ing practices is a source of aluminum to the terrestrial environ-
ment. However, the presence of dissolved organic matter and
inorganic chelating agents will lower the amount of bioavailable
aluminum in both terrestrial and aquatic environments.

ANNEXE

Résumé de I’évaluation des trois sels d’aluminium —
le chlorure d’aluminium, le nitrate d’aluminium et
le sulfate d’aluminium

Les trois sels d’aluminium, soit le chlorure d’aluminium, le ni-
trate d’aluminium et le sulfate d’aluminium, ont été inscrits sur la
Liste des substances d’intérét prioritaire (aussi connue comme la
deuxiéme Liste des substances d’intérét prioritaire ou LSIP2), en
vertu de la Loi canadienne sur la protection de I'environnement
(1999) [LCPE (1999)], afin d’évaluer les risques que présente,
pour la santé humaine et I’environnement au Canada, 1’exposition
a I’aluminium provenant de ces trois sels.

L’évaluation de la LSIP2 liée a ces trois sels d’aluminium a été
officiellement suspendue en décembre 2000 en raison des données
disponibles limitées pour évaluer les effets sur la santé. Au méme
moment a été¢ rendu public un rapport sur I’état de la science qui
porte sur ces trois sels d’aluminium et qui fait un examen appro-
fondi des informations sur la toxicité et 1’exposition liées a la
santé humaine et a I’environnement. Durant cette période de sus-
pension, d’autres informations concernant les effets sur la santé
ont été publiées dans la littérature scientifique et ont été prises en
compte dans la présente évaluation.

Au Canada, les stations municipales de traitement de 1’eau sont
les principales consommatrices de chlorure d’aluminium et de
sulfate d’aluminium et représentent a elles seules 78 % de la
consommation domestique estimée a 16,1 kilotonnes en 2006.
Les 20 % restants sont attribués aux stations de traitement des
eaux industrielles et usées et aux usines de pates et papiers. Le
sulfate d’aluminium et le chlorure d’aluminium sont aussi des
ingrédients dans des médicaments et des cosmétiques comme les
antisudorifiques et les crémes topiques. Le sulfate d’aluminium
est autoris¢ comme additif alimentaire dans un certain nombre de
produits. Le nitrate d’aluminium, utilis€¢ en moindres quantités
que les sels de sulfate et de chlorure, peut étre employé dans les
engrais et comme réactif chimique dans plusieurs industries.

Les sels d’aluminium existent en faibles quantités a 1’état natu-
rel dans certains milieux géologiques restreints au Canada et
contribuent aux sources naturelles d’aluminium dans le milieu
ambiant. Comme 1’aluminium est aussi un constituant important
de la plupart des roches, principalement dans les minéraux alumi-
nosilicatés, dont ’altération lente rejette de 1’aluminium dans
I’environnement de surface, il est cependant impossible de distin-
guer les faibles quantités d’aluminium dans les eaux de surface
provenant des phénomenes d’érosion des sels d’aluminium, tels
que le sulfate d’aluminium, de ceux provenant d’autres sources
naturelles d’aluminium.

Dans leur application pour le traitement de 1’eau, les sels d’alu-
minium réagissent rapidement pour produire des formes d’alumi-
nium dissoutes ou solides et engendrent certains rejets dans les
eaux de surface au Canada. Au pays, ces rejets d’aluminium
d’origine anthropique sont plus faibles que ceux estimés d’origine
naturelle, sauf a proximité des sources ponctuelles de rejets ou ils
peuvent étre dominants. La plupart des rejets directs d’aluminium
dans les eaux de surface associés au traitement des eaux provien-
nent de I’utilisation des sels d’aluminium par les stations de trai-
tement de I’eau. Ils sont cependant réglementés par nombre
d’autorités provinciales et territoriales et se font généralement
dans des eaux a pH neutre ou la solubilité de 1’aluminium est
minimale. L’élimination par épandage des boues produites par les
stations de traitement des eaux municipales et industrielles est une
source d’aluminium pour le milieu terrestre. Mais la présence de
matiére organique dissoute et d’agents de chélation inorganiques
permet de réduire la biodisponibilité de 1’aluminium dans les
milieux aquatique et terrestre.
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While extensive recent data on total aluminum concentrations
in Canadian surface waters are available, few data exist on levels
in areas close to sites where releases occur. The situation for
sediment and soil is similar, in that data exist for the Canadian
environment in general, but not for areas where releases occur. A
large number of environmental toxicity data are available for
acidified environments, but relatively few exist for circumneutral
environments similar to those where most releases occur.

Based on a comparison of highest measured and estimated
aluminum levels present in both aquatic and terrestrial environ-
ments in Canada that receive direct inputs of aluminum from the
use of the three aluminum salts, and the predicted no-effect concen-
trations derived from experimental data for aquatic and terrestrial
biota, it is considered that, in general, it is unlikely that organisms
are exposed to harmful levels of aluminum resulting from the use
of aluminum salts in Canada. As such, it is proposed to conclude
that the three aluminum salts (i.e. aluminum chloride, aluminum
nitrate, aluminum sulphate) are not entering the environment in a
quantity or concentration or under conditions that have or may
have an immediate or long-term harmful effect on the environ-
ment or its biological diversity.

With respect to human health, both epidemiological and ex-
perimental animal data were reviewed. Considering experimental
animal studies, the dose at which neurotoxic, reproductive, and
developmental effects have been repeatedly observed was used to
establish an exposure level of concern.

General population exposure to total aluminum was quantified.
With respect to the three salts—aluminum chloride, aluminum
nitrate, and aluminum sulphate—their contribution to total alum-
inum exposure can only be qualitatively estimated. However, the
only media in which the mean concentration may be significantly
affected by the use of these salts is drinking water, in which
aluminum sulphate or aluminum chloride may be added during
the treatment process. As a surrogate for quantitative exposure
estimation, it was assumed that all aluminum in drinking water is
derived from aluminum chloride and aluminum sulphate. Com-
parison of the exposure level of concern to the age-group with the
highest average daily intake of total aluminum from drinking
water results in a margin of exposure that is considered adequate.

Based on the information available for human health and en-
vironment, it is proposed to conclude that the three aluminum
salts, aluminum chloride, aluminum nitrate, aluminum sulphate,
are not entering the environment in a quantity or concentration or
under conditions that have or may have an immediate or long-
term harmful effect on the environment or on its biological di-
versity or that constitute or may constitute a danger to the en-
vironment on which life depends. It is also proposed to conclude
that aluminum from aluminum chloride, aluminum nitrate and
aluminum sulphate is not entering the environment in a quantity
or concentration or under conditions that constitute or may consti-
tute a danger in Canada to human life or health.

Autant les données relatives aux concentrations d’aluminium
total dans les eaux de surface au Canada sont abondantes, autant
elles se font rares dans les zones situées a proximité des sources
de rejets. La situation est similaire pour les sédiments et les sols
ou les données existantes concernent 1’environnement au Canada
en général et non les sites de rejet. Les données sur la toxicité
environnementale des milieux acidifiés sont abondantes contrai-
rement a celles qui concernent les milieux a pH neutre semblables
a ceux ou se produisent la plupart des rejets.

Selon la comparaison des concentrations d’aluminium mesu-
rées les plus élevées et des concentrations estimées au Canada
dans les milieux aquatique et terrestre qui regoivent des rejets
directs d’aluminium provenant de [I’utilisation des trois sels
d’aluminium et les concentrations estimées sans effet calculées a
partir des données expérimentales sur le biote aquatique et terres-
tre, il est généralement peu probable que les organismes soient
exposés a des concentrations nocives d’aluminium provenant de
I’utilisation des sels d’aluminium au Canada. Il est donc proposé
de conclure que les trois sels d’aluminium (soit le chlorure d’alu-
minium, le nitrate d’aluminium et le sulfate d’aluminium) ne pé-
nétrent pas dans 1’environnement en une quantité ou une concen-
tration ou dans des conditions de nature a avoir, immédiatement
ou a long terme, un effet nocif sur I’environnement ou sur la di-
versité biologique.

En ce qui a trait a la santé humaine, les données épidémiologi-
ques et expérimentales sur les animaux de laboratoire ont été
examinées. La dose a laquelle des effets neurotoxiques sur la re-
production et sur le développement ont été observés a maintes
reprises dans des études sur des animaux de laboratoire a permis
d’établir un niveau d’exposition préoccupant.

L’exposition de I’ensemble de la population canadienne a
I’aluminium total a été quantifié¢e. En ce qui concerne les trois
sels d’aluminium, soit le chlorure d’aluminium, le nitrate d’alu-
minium et le sulfate d’aluminium, on n’a pu qu’estimer qualitati-
vement leur contribution a I’aluminium total. Toutefois, le seul
milieu ou I’utilisation de ces sels pourrait se répercuter grande-
ment sur la concentration moyenne d’aluminium est I’eau potable,
par I’ajout possible de sulfate d’aluminium ou de chlorure
d’aluminium durant le procédé de traitement. En guise de substi-
tut d’une estimation quantitative de 1’exposition, on a supposé
que tout ’aluminium présent dans I’eau potable provenait du
sulfate d’aluminium et du chlorure d’aluminium. Lorsqu’on com-
pare le niveau préoccupant d’exposition selon le groupe d’age a la
plus haute dose journaliere moyenne d’aluminium total attri-
buable a I’eau potable, on obtient une marge d’exposition jugée
adéquate.

Compte tenu des informations disponibles relatives a la santé
humaine et a I’environnement, il a été proposé de conclure que les
trois sels d’aluminium, soit le chlorure d’aluminium, le nitrate
d’aluminium et le sulfate d’aluminium, ne pénétrent pas dans
I’environnement en une quantité ou une concentration ou dans des
conditions de nature a avoir, immédiatement ou a long terme, un
effet nocif sur I’environnement ou sur la diversité biologique, ou
mettre en danger 1’environnement essentiel pour la vie. Il a aussi
été proposé de conclure que 1’aluminium provenant du chlorure
d’aluminium, du nitrate d’aluminium et du sulfate d’aluminium
ne pénétre pas dans I’environnement en une quantité ou une
concentration ou dans des conditions de nature & constituer un
danger au Canada pour la vie ou la santé humaines.
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Proposed conclusion

Based on the information available, it is proposed to conclude
that the three aluminum salts do not meet any of the criteria set
out in section 64 of CEPA 1999.

The draft PSL Assessment Report for the three aluminum salts
is available on the CEPA Registry Web site at www.ec.gc.ca/
CEPARegistry/subs_list/assessments.cfm.

[6-1-0]

DEPARTMENT OF FINANCE
CANADA—GABON TAX CONVENTION ACT, 2004

Coming into force of a tax treaty

Notice is hereby given, pursuant to section 6 of the Canada—
Gabon Tax Convention Act, 2004°, that the Convention between
the Government of Canada and the Government of the Gabonese
Republic for the Avoidance of Double Taxation and the Preven-
tion of Fiscal Evasion with respect to Taxes on Income and on
Capital®, concluded on November 14, 2002, entered into force on
December 22, 2008.

Ottawa, January 26, 2009

JAMES M. FLAHERTY
Minister of Finance

[6-1-0]

DEPARTMENT OF FINANCE
CUSTOMS TARIFF

Invitation to submit views on proposed changes to the treatment
of temporarily imported cargo containers under the Customs
Tariff

In the interest of improving the efficiency of Canada’s trans-
portation network and facilitating trade, the Government is seek-
ing the views of interested parties on proposed changes to cus-
toms provisions respecting the domestic use of temporarily
imported cargo containers for purposes of customs duties and the
goods and services tax / harmonized sales tax (GST/HST). The
legislative changes being considered would only affect the por-
tion of tariff subheading 9801.10 in the Schedule to the Customs
Tariff that relates to containers. The latest version of the Customs
Tariff is available online at www.cbsa.gc.ca/trade-commerce/
tariff-tarif/2009/01-99/tblmod-1-eng.html.

Background

Currently, the Customs Tariff allows for the duty-free and
GST/HST-free importation of temporarily imported cargo con-
tainers under certain conditions, which include the following:

the containers remain in Canada for a maximum period of
30 days; and

during this period, the containers are only used in the trans-
portation of goods between points in Canada if that transpor-
tation is incidental to the international traffic of goods.

? S.C.2005,c.8,s.2
8,8.2

b S.C. 2005, c. 8,s.2 and Sch. 1

Conclusion proposée

Compte tenu des renseignements disponibles, il est proposé de
conclure que les trois sels d’aluminium ne satisfont & aucun des
criteres de I’article 64 de la LCPE (1999).

L’ébauche du rapport d’évaluation d’une substance de la LSIP
pour les trois sels d’aluminium se trouve sur le site Web du
Registre de la LCPE a I’adresse www.ec.gc.ca/registrelcpe/
subs_list/assessments.cfm.

[6-1-0]

MINISTERE DES FINANCES

LOIDE 2004 SUR LA CONVENTION FISCALE CANADA—
GABON

Entrée en vigueur d’un traité fiscal

Par la présente il est donné avis, conformément a I’article 6 de
la Loi de 2004 sur la convention fiscale Canada—Gabon®, de
I’entrée en vigueur, le 22 décembre 2008, de la Convention entre
le gouvernement du Canada et le gouvernement de la République
gabonaise en vue d’éviter les doubles impositions et de prévenir
[’évasion fiscale en matiere d’impots sur le revenu et sur la for-
tune® conclue le 14 novembre 2002.

Ottawa, le 26 janvier 2009

Le ministre des Finances
JAMES M. FLAHERTY

[6-1-0]

MINISTERE DES FINANCES
TARIF DES DOUANES

Invitation a soumettre des commentaires relativement a la
proposition de modifier ’application de certaines conditions du
Tarif des douanes concernant les conteneurs temporairement
importés

Afin d’améliorer I’efficacité des réseaux de transport et de faci-
liter le commerce, le gouvernement sollicite 1’opinion des parties
intéressées au sujet de modifications proposées aux conditions
douaniéres relatives a ’utilisation au pays des conteneurs tempo-
rairement importés en franchise de droits de douane et de la taxe
de vente harmonisée/la taxe sur les produits et services (TPS/
TVH). Les modifications législatives envisagées ne toucheraient
que la partie de la sous-position tarifaire 9801.10 de I’annexe du
Tarif des douanes qui concerne les conteneurs. La version la plus
récente du Tarif des douanes est disponible a www.cbsa-asfc.
gc.ca/trade-commerce/tariff-tarif/2009/01-99/tblmod- 1-fra.html.

Contexte

Présentement, le Tarif des douanes permet 1’importation tem-
poraire de conteneurs en franchise de droits de douane et de TPS/
TVH moyennant certaines conditions, notamment :

que les conteneurs demeurent au Canada pour une période
maximale de 30 jours;

que pendant cette période, les conteneurs ne servent au trans-
port de marchandises entre des lieux au Canada que si ce
transport est accessoire au commerce international des
marchandises.

@ L.C. 2005, ch. 8, art. 2
® L.C. 2005, ch. 8, art. 2 et ann. 1
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SYNOPSIS

The three aluminum salts, aluminum chloride, aluminum nitrate and aluminum
sulphate, were included on the Second Priority Substances List (PSL2) under the Canadian
Environmental Protection Act, 1999 (CEPA 1999) in order to assess the potential
environmental and human health risks posed by exposure to aluminum derived from these
three salts in Canada.

In December 2000, the PSL2 assessment of the three aluminum salts was formally
suspended due to limitations in the available data for assessing health effects. At the same
time, a State of the Science report (Environment Canada and Health Canada 2000) on the three
aluminum salts was released, providing an in-depth review of toxicity and exposure
information relating to human health and the environment. During the suspension period,
additional health effects information was published in the scientific literature, and they are
considered here.

In Canada, municipal water treatment facilities are the major users of aluminum
chloride and aluminum sulphate, accounting for 78% of the estimated 16.1 kilotonnes of the
2006 domestic consumption. Industrial water and wastewater treatment, and use in the pulp
and paper industry, account for an additional 20 %. Aluminum sulphate and aluminum
chloride are also used as ingredients in drugs and cosmetics, such as antiperspirants and
topical creams. Aluminum sulphate is permitted as a food additive in a limited number of
products. Aluminum nitrate, used in far less quantities than the sulphate and chloride salts,
may be used in fertilizers, and as a chemical reagent in various industries.

Aluminum salts occur naturally in small quantities in restricted geological
environments and aluminum can be released into the Canadian environment from these natural
sources. However, since aluminum is present in relatively large amounts in most rocks,
dominantly in aluminosilicate minerals, which weather and slowly release aluminum to the
surface environment, the small amounts of aluminum in surface waters resulting from
weathering of aluminum salts such as aluminum sulphate cannot be distinguished from other
natural aluminum releases.

During their use in water treatment, aluminum salts react rapidly, producing dissolved
and solid forms of aluminum with some release of these to Canadian surface waters. The
amount of anthropogenic aluminum released nationally in Canada is small compared with
estimated natural aluminum releases; however anthropogenic releases can dominate locally
near strong point sources. Most direct release into surface waters of aluminum derived from
the use of aluminum salts in water treatment processes originates from drinking water
treatment plants (DWTPs). However, direct releases of process waters from DWTPs are
regulated by many provincial and territorial authorities, and these releases typically occur in
circumneutral water, where the solubility of aluminum is minimal. Disposal of sludge
produced by municipal and industrial water treatment facilities on land through landfarming
practices is a source of aluminum to the terrestrial environment. However, the presence of
dissolved organic matter and inorganic chelating agents will lower the amount of bioavailable
aluminum in both the terrestrial and aquatic environments.
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While extensive recent data on total aluminum concentrations in Canadian surface
waters are available, few data exist on levels in areas close to sites where releases occur. The
situation for sediment and soil is similar, in that data exist for the Canadian environment in
general, but not for areas where releases occur. A large number of environmental toxicity data
are available for acidified environments, but relatively few exist for circumneutral
environments similar to those where most releases occur.

Based on a comparison of highest measured and estimated aluminum levels present in
both aquatic and terrestrial environments in Canada that receive direct inputs of aluminum
from the use of the three aluminum salts, and Predicted No-Effect Concentrations (PNECs)
derived from experimental data for aquatic and terrestrial biota, it is considered that, in
general, it is unlikely that organisms are exposed to harmful levels of aluminum resulting from
the use of aluminum salts in Canada. However, it is acknowledged that under some release
conditions there is potential for local impacts to benthic organisms related to the settling of
aluminum sludge from DWTPs onto the sediment surface. As such, it is proposed that the
three aluminum salts (i.e., aluminum chloride, aluminum nitrate, aluminum sulphate) are not
entering the environment in a quantity or concentration or under conditions that have or may
have an immediate or long-term harmful effect on the environment or its biological diversity.

With respect to human health, both epidemiological and experimental animal data were
reviewed.  Considering experimental animal studies, the dose at which neurotoxic,
reproductive, and developmental effects have been repeatedly observed was used to establish
an exposure level of concern.

General population exposure to total aluminum was quantified. With respect to the
three salts—aluminum chloride, aluminum nitrate, and aluminum sulphate—their contribution
to total aluminum exposure can only be qualitatively estimated, however, the only media in
which the mean concentration may be significantly affected by the use of these salts is
drinking water, in which aluminum sulphate or aluminum chloride may be added during the
treatment process. As a surrogate for quantitative exposure estimation it was assumed that all
aluminum in drinking water is derived from aluminum chloride and aluminum sulphate.
Comparison of the exposure level of concern to the age-group with the highest average daily
intake of total aluminum from drinking water results in a margin of exposure that is
considered adequate.

Based on the information available for human health and the environment, it is
proposed that the three aluminum salts, aluminum chloride, aluminum nitrate,
aluminum sulphate, are not entering the environment in a quantity or concentration or
under conditions that have or may have an immediate or long-term harmful effect on the
environment or its biological diversity or that constitute or may constitute a danger to
the environment on which life depends. It is also proposed that aluminum from
aluminum chloride, aluminum nitrate and aluminum sulphate, are not entering the
environment in a quantity or concentration or under conditions that constitute or may
constitute a danger in Canada to human life or health. It is therefore proposed that
aluminum chloride, aluminum nitrate and aluminum sulphate do not meet the definition
of “toxic” under section 64 of the Canadian Environmental Protection Act, 1999.
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1 INTRODUCTION

The Canadian Environmental Protection Act, 1999 (CEPA 1999) requires the
Ministers of the Environment and of Health to prepare and publish a Priority Substances List
(PSL) that identifies substances (including chemicals, groups of chemicals, effluents and
wastes) that may be harmful to the environment or constitute a danger to human health. The
Act also requires both Ministers to assess these substances to determine whether they meet or
are capable of meeting the criteria as defined in section 64 of the Act. A substance meets the
criteria under CEPA 1999 if it is entering or may enter the environment in a quantity or
concentration or under conditions that:

(a) have or may have an immediate or long term harmful effect on the environment or
its biological diversity;

(b) constitute or may constitute a danger to the environment on which life depends; or
(c) constitute or may constitute a danger in Canada to human life or health.

For substances deemed to meet the criteria defined in section 64, risk management
measures are identified and implemented in consultation with stakeholders, in order to reduce
or eliminate the risks posed to human health or the environment. These measures may include
regulations, guidelines, pollution prevention plans or codes of practice to control any aspect of
the life cycle of the substance, from the research and development stage through to
manufacture, use, storage, transport and ultimate disposal.

Based on initial screening of readily accessible information, the rationale provided by
the Ministers’ Expert Advisory Panel in 1995 for including aluminum chloride, aluminum
nitrate and aluminum sulphate on the Second Priority Substances List was as follows
(Environment Canada and Health Canada 2000):

“Aluminum, from both natural and man-made sources, is widespread in the
Canadian environment. Intakes of aluminum among the human population and
ambient airborne concentrations in some parts of the country are close to those
that have induced developmental and pulmonary effects in animal studies.
Epidemiological studies have indicated that there may be a link between
exposure to aluminum in the environment and effects in humans. Aluminum
compounds are bioaccumulative, and can cause adverse ecological effects,
especially in acidic environments. The Panel identifies three aluminum
compounds as being of particular concern. An assessment is needed to
establish the weight of evidence for the various effects, the extent of exposure
and the aluminum compounds involved. If necessary, the assessment could be
expanded to include other aluminum compounds.”

A preliminary report was completed for the three aluminum salts and released as a
State of the Science (SOS) report in December 2000. With respect to immediate or long term
harmful effects of the three aluminum salts on the environment or its biological diversity, the



report proposed that, based on measured and estimated aluminum levels in Canadian aquatic
and terrestrial environments receiving direct inputs of aluminum from the use of aluminum
salts and on the Predicted No-Effect Concentrations (PNECs) derived from experimental data
for aquatic and terrestrial biota, it is in general unlikely that organisms are exposed to harmful
levels of aluminum resulting from the use of aluminum salts in Canada.

With respect to human health, a conclusion regarding section 64(c) could not be
reached in 2000, owing to the limitations in the available data for assessing health effects.
Therefore, the assessment of aluminum salts was suspended in December 2000 for a period of
six years to allow for the development of additional human health effects data in order that
Health Canada could reach a conclusion on whether aluminum salts (chloride, nitrate and
sulphate) should be considered as “toxic” under CEPA 1999.

In terms of this draft PSL2 assessment, the conclusions made under section 64 of
CEPA 1999 relate directly to the three aluminum salts nominated by the Ministers’ Expert
Advisory Panel (chloride, nitrate, and sulphate). However, different approaches are taken by
Environment Canada and Health Canada in evaluating the potential for risk.

In characterizing the potential for risk to the environment, data relevant to the entry of
the three listed salts into the Canadian environment from local point sources (e.g., drinking
water treatment plants) were examined in conjunction with data on environmental fate and
exposure. The focus was on assessing potential for effects on the environment near point
sources. This evaluation formed the basis for determining whether the three aluminum salts
identified by the Ministers’ Expert Advisory Panel (chloride, nitrate and sulphate) are “toxic”
under section 64 of CEPA 1999.

The human health risk characterization consists of a two-stage evaluation. In the first
stage, exposure of the general Canadian population to total aluminum in air, drinking water,
diet, and soil is quantified. In the second stage, the relative contribution of each of the three
listed aluminum salts (chloride, nitrate, and sulphate) to this total aluminum exposure is
qualitatively evaluated, and a recommendation with respect to section 64(c) of CEPA is made
for the three salts.

Health Canada chose this two-stage approach on the basis of both scientific and
practical considerations. First, overall exposure to the aluminum moiety (AI’"), and not
exposure to a particular aluminum compound, is the critical parameter for evaluating potential
toxicological risk'. Second, concentrations of aluminum in foods, soil, drinking water, and air
are generally reported as total aluminum, and not in terms of specific salts, consequently it is
difficult to determine with great precision the relative contribution of the three salt forms
being considered. Although information on sources and uses of aluminum-containing

' Note, however, that different aluminum salts are absorbed into the bloodstream to different degrees (Yokel et al.
2006) and this aspect is considered in this assessment within section 2.3.3.1.



compounds are used to characterize total aluminum exposure, the risk characterization is
limited to the three specific aluminum salts.

The search strategies employed in the identification of relevant data are presented in
Appendix A. All original studies that form the basis for decision making have been critically
evaluated and are described in the assessment. For issues relevant to the environmental and
human health effects of aluminum, but outside the scope of the present assessment, the
information is summarized briefly and the reader is referred to recent critical reviews
published in the scientific literature for a more detailed discussion.

The human health components of the present document were prepared by the Safe
Environments Programme- Quebec Region, in collaboration with the Existing Substances
Division of the Safe Environments Programme (National Capital Region) and other Health
Canada programs. The environmental components were prepared by the Existing Substances
Division of the Science and Technology Branch. While external peer review comments were
taken into consideration, the final content and outcome of the risk assessment remain the
responsibility of Health Canada and Environment Canada.

The human health components of this assessment have been peer reviewed by the
following external experts:

Dr. Diane Benford, Food Standards Agency, United Kingdom

Dr. Nicola Cherry, University of Alberta, Edmonton, Alberta

Dr. Rajendra Chhabra, National Institute of Environmental Health Sciences, Research
Triangle Park, North Carolina

Dr. Herman Gibb, Sciences International, Arlington, Virginia

Dr. Lesbia Smith, Environmental and Occupational Health Plus, Toronto, Ontario

Dr. Robert Yokel, University of Kentucky, Lexington, Kentucky

Information relevant to environmental components of this assessment has been
reviewed by the following external experts:

Dr. Pierre-André Coté, Canadian Water and Wastewater Association, Quebec City,

Quebec

Mr. André Germain, Environment Canda, Monteal, Quebec.

Mr. Robert Garrett, Geological Survey of Canada, Ottawa, Ontario

Dr. William Hendershot, McGill University, Montreal, Quebec

Mr. Christopher Lind, General Chemical Corporation, Newark, New Jersey

Mr. Robert Roy, Fisheries and Oceans Canada, Mont-Joli, Quebec

Mr. James Brown, Reynolds Metals Company, Richmond, Virginia

Mr. Scott Brown, National Water Research Institute, Burlington, Ontario

Mr. Christopher Cronan, University of Maine, Orono, Maine

Dr. Lawrence Curtis, Oregon State University, Corvallis, Oregon

Mr. Richard Lapointe, Société d’électrolyse et de chimie Alcan Ltée, Montreal,
Quebec



Dr. Stéphanie McFadyen, Canadian Water and Wastewater Association, Ottawa,
Ontario
Dr. Wayne Wagner, Natural Resources Canada, Ottawa, Ontario



2 SUMMARY OF INFORMATION CRITICAL TO ASSESSMENT OF
“TOXIC” UNDER CEPA 1999

2.1 Identity and physical/chemical properties

Aluminum chloride is also known as aluminum trichloride, aluminum chloride (1:3)
and trichloroaluminum (ATSDR 2006). It has the Chemical Abstracts Service (CAS) registry
number 7446-70-0 and a chemical formula of AICI;. In its hydrated form, AlCl;*6H,0, it is
called hexahydrated aluminum chloride (CAS No. 7784-13-6). Trade names include Aluwets,
Anhydrol and Drichlor.

Synonyms for aluminum nitrate include aluminum trinitrate and aluminum (III) nitrate
(1:3). The CAS registry number is 13473-90-0 and the chemical formula is AI(NOs)s. The
nonahydrate aluminum nitrate, AI(NO3);*9H,0 (CAS No. 7784-27-2), is the stable form of
this compound.

Aluminum sulphate can also be identified as alum, alumsulphate (2:3), aluminum
trisulphate, dialuminum sulphate and dialuminum trisulphate. The CAS registry number for
aluminum sulphate is 10043-01-3 and the chemical formula is Al (SO4);. Alum is often
represented as Aly(SO4);214H,0. It may be found in different hydrated forms. The commercial
product, called cake alum or patent alum, is an octadecahydrate aluminum sulphate,
AIZ(SO4)3.18H20.

In addition to these three compounds, aluminum polymers such as polyaluminum
sulphate (PAS) and polyaluminum chloride (PAC) are used in water treatment. The general
formula for PAS is Al,(OH)y(SO4)., where b +2¢c =3a; for PAC, the general formula is
Al,(OH),Cl., where b/a is usually about 2.5 (e.g., Al,(OH)sCl). Mixed aluminum polymers
may also be used; their general formula is Al,(OH),Cl(SO4)4, and b/a varies between 0.4 and
0.6.

Physicochemical properties of the three aluminum salts are presented in Table 2.1.



Table 2.1 Physicochemical
sulphate !

properties of aluminum chloride, aluminum nitrate and aluminum

Property Aluminum chloride Aluminum nitrate Aluminum sulphate
CAS No. 7446-70-0 13473-90-0 10043-01-3
Molecular formula AlCl; AI(NO3); Al (SOy)3
Molecular weight 133.34 213.00 342.14
Colour White when pure, Colourless’ White, lustrous
ordinarily gray or yellow
to greenish
Physical state White hexagonal Rhombic crystals® Crystals, pieces, granules
deliquescent or moisture or powder
sensitive plates
Density (g/mL) 2.48 No data 1.61
Melting point (°C) 194 at 527 kPa 73’ Decomposes at 770
Boiling point (°C) 182.7 Decomposes at 135°C> | No data, substance has no
(1.00x10° Pa or boiling point
752 mm Hg; sublimation
temperature)
Solubility in water 69.86 (15°C) 63.7 (25°C) 36.4 (20°C)
(g/100 mL) (Reacts violently with
water)
Solubility in other Soluble in benzene, Very soluble in alcohol; Insoluble in ethanol
solvents carbon tetrachloride, slightly soluble in acetone
chloroform almost insoluble in ethyl
acetate, pyridine’
pH No data Aqueous solution is acidic No data
Vapour pressure (Pa) 100 No data 0(20°C)
(20°C) substance has no vapour
pressure

' Taken from Perry and Green (1984), Budaveri et al. (1989), Lewis (1992), European Commission (2000a,b) and

ATSDR (2006)

? Refers to aluminum nitrate nonahydrate (CAS No. 7784-27-2)

2.2 Entry characterization

2.2.1 Production, import, export and use

Aluminum sulphate and aluminum chloride are produced in Canada, while aluminum
nitrate is imported. Information on sources and emissions of aluminum salts or aluminum
resulting from the use of aluminum salts was initially obtained through an industry survey
carried out under the authority of section 16 of CEPA (CEPA 1988; Environment Canada
1997). Information regarding the use of aluminum chloride and aluminum sulphate in water
treatment plants was obtained on a voluntary basis from Canadian municipalities with the help
of provincial and territorial authorities. In 2007, additional research was conducted in order to
review use patterns and quantities of aluminum derived from sources identified in the original
assessment, as well as to identify and quantify potential new sources of aluminum to the
environment resulting from the application of aluminum salts in Canada (Cheminfo Services

Inc. 2008).




Table 2.2 provides estimated production, import, export and consumption values for the year
2006, based largely on input from Canadian aluminum salt producers. Unless otherwise stated,
quantities reported in Table 2.2 and the accompanying text represent the amount of elemental
aluminum present in the respective salts rather than the total amount of the salt. Polymeric
forms of the chloride and sulphate are detailed separately, as these salts were found to be
commonly used individually or in combination with other salts in water treatment processes.
No producers or users of aluminum nitrate were identified for 2006 and, therefore, while it is
likely that very small quantities were being imported into Canada in that year for a variety of
low volume applications, no numerical data were available. Total Canadian consumption of
aluminum as aluminum salts in 2006 was estimated at 16.1 kilotonnes, with aluminum
sulphate accounting for approximately 80% of this demand, and PAC for the majority of the
remainder (Cheminfo Services Inc. 2008). Approximately 80% of the total aluminum demand
was for the treatment of drinking water and wastewater at municipalities. Industrial fresh
water and wastewater treatment facilities accounted for the majority of the remaining demand
in Canada.

Table 2.2 Estimated production, import, export and consumption of aluminum in the form of
aluminum salts in Canada for 2006
(kilotonnes aluminum; Cheminfo Services Inc. 2008)"

Aluminum Aluminum

Sulphate Chloride Other? Total
Production 11.9 0.1 4.6 16.6
Imports 0.6 0.2 1.0 1.8
Total supply 125 0.3 5.6 18.4
Demand
Municipal Drinking
Water Treatment
Plants 43 0.1 2.4 6.8
Municipal Wastewater
Treatment Plants 5.7 0.03 0.07 5.8
Industrial Fresh Water
Treatment 0.3 0.03 0.67 1.0
Industrial Wastewater
Treatment 0.5 0.03 0.44 0.9
Pulp and Paper
Additive 1.1 0.01 0.16 1.3
Miscellaneous 0.1 0.1 0.1 0.3
Total Domestic
Consumption 12.0 0.3 3.8 16.1
Exports 0.5 0.0 1.8 2.3
Total Disposition 125 0.3 5.6 18.4

' Quantities reported represent elemental aluminum present in the respective aluminum salts.

> This quantity represents the combined total of polyaluminum sulphate, polyaluminum chloride, aluminum
chlorohydrate and sodium aluminate.



Five companies produced most of the aluminum salts used in Canada in 2006
(Cheminfo Services Inc. 2008). Imports and exports were roughly in balance, with imports
representing approximately 10% of 2006 domestic consumption and exports representing
approximately 14% of 2006 production. Alum, PAC and aluminum chlorohydrate (ACH)
were the major imported aluminum salts, while PAC and alum were exported.

Total Canadian demand for aluminum salts remained relatively constant between 2000
and 2006 (Cheminfo Services Inc. 2008). Canada's salt producers indicate that the demand for
alum and sodium aluminate declined during this period, while PAC, ACH and polyaluminum
silicate sulphate (PASS) increased in use. While overall aluminum salts demand for municipal
water treatment has increased slightly, use in the pulp and paper industry has dropped. The
overall total amount of aluminum contained in the salts used in Canada has remained constant
at close to 16 kilotonnes per year (Cheminfo Services Inc. 2008).

2.2.1.1 Aluminum chloride

Aluminum chloride is used in either anhydrous or hydrated form. In the anhydrous
form, it is used as a catalyst, in Friedel-Crafts reactions, in the manufacture of rubber, the
cracking of petroleum, and the manufacture of lubricants. In its hydrated form, it is used by
the pharmaceutical industry as an active ingredient in deodorants and antiperspirants, as well
as in wood preservation, and in the manufacture of adhesives, paint pigments, resins,
fertilizers and astringents (Germain et al. 2000; Pichard 2005; Merck 2006). Polymeric forms,
primarily polyaluminum chloride (PAC) and the more concentrated and highly charged
aluminum chlorohydrate (ACH), are used as coagulants and flocculants in water treatment.

PAC has the highest Canadian production and use volumes of the three aluminum
chloride salts. PAC demand increased over the period 2000 to 2006, with greatest quantities
being used in the treatment of drinking water (Cheminfo Services Inc. 2008). Similar
increased demand was evident in other applications, including industrial freshwater treatment,
municipal and industrial wastewater treatment, and as a pulp and paper additive (Cheminfo
Services Inc. 2008). Production and demand were substantially lower for both aluminum
chloride and ACH. Canadian consumption of aluminum chloride remained stable from 2000 to
2006, while ACH demand increased substantially (Cheminfo Services Inc. 2008). Most of the
increased demand was associated with increased applications in industrial wastewater
treatment, with slower rates of growth in other applications.

2.2.1.2 Aluminum nitrate

Aluminum nitrate is used as a chemical reagent (catalyst), in the leather tanning
industry, as an antiperspirant, as a corrosion inhibitor, and in the manufacture of abrasives,
refractories, ceramics, electric insulation, catalysts, paper, candles, pots, artificial precious
stones and heat-resistant fibres (Budaveri et al. 1989; Pichard 2005). It is also used as an
adsorbent in chromatography for the production of filter membranes, in radiation protection
dosimetry in the uranium extraction sector, and as a nitrating agent in the food industry
(Merck 2006).

There are no known producers of aluminum nitrate in Canada, and only one user was
identified in a survey done in 1997 by Environment Canada (1997). This user reported that
less than 400 kg of aluminum nitrate was included in fertilizers for export to the United States.



It is likely that very small quantities of aluminum nitrate are being imported into Canada for a
variety of low volume applications, including laboratory uses, leather manufacturing,
manufacturing of fire works, and other minor applications (Cheminfo Services Inc. 2008).

2.2.1.3 Aluminum sulphate

In Canada, aluminum sulphate is used primarily as a coagulant and flocculant in water
and wastewater treatment. There are other applications, however, in the leather industry, the
paper industry, as a mordant in dyeing, in the fireproofing and waterproofing of textiles, in
resin manufacture, and in the preparation of fertilizers and paint pigments (Germain et al.
2000; Pichard 2005; Merck 2006). The Canadian Fertilizers Product Forum advises that
aluminum sulphate (alum) is used as a soil pH adjuster in the Lawn and Garden industry (2008
email from The Canadian Fertilizers Product Forum to J. Pasternak, Environment Canada;
unreferenced). Aluminum sulphate can also be used to waterproof concrete, decolorize
petroleum products, and as a formulant in antiperspirants and pesticides (Budaveri et al. 1989).
Aluminum sulphate or alum is used in the treatment of eutrophic or mesotrophic lakes, to
reduce the amount of nutrients present in the water. Both alum (Alx(SO4);) and sodium
aluminate (Na,Al,O4) are highly effective coagulants and flocculants that adsorb and
precipitate soluble phosphorus and other compounds such as organic matter, forming clumps
that settle to the bottom of the lake. In saturated solutions, aluminum sulphate is considered a
mild corrosive and can be applied to ulcers in concentrations of 5% to 10% to prevent mucous
secretion (Pichard 2005). The substance is also used as a food additive and some foods, such
as baking powder.

It is estimated that approximately 276 kilotonnes of aluminum sulphate (11.9
kilotonnes on an aluminum basis) were produced in Canada in 2006, 15 kilotonnes (0.6
kilotonnes of aluminum) were imported and 12 kilotonnes (0.5 kilotonnes of aluminum)
exported (Table 2.2). Municipal drinking water and wastewater treatment plants were the main
users, comprising almost 84% of the total demand for that year. Industrial water treatment
facilities and the pulp and paper sector accounted for most of the remaining consumption

(15.8%).

2.2.2 Sources and releases

Aluminum sulphate minerals such as aluminite and alunite occur naturally in Canada in
certain restricted geological environments. Aluminum chloride and aluminum nitrate do not
occur naturally in the environment. Aluminum can be released from natural aluminum
sulphate minerals; however, since aluminum is a common constituent of rocks, where it occurs
dominantly in aluminosilicate minerals (e.g., kaolinite, boehmite, clay, gibbsite, feldspar, etc.),
which weather and slowly release aluminum to the surface environment. Aluminum present in
surface waters due to man-made applications cannot be distinguished from natural aluminum
released during weathering of aluminum-bearing minerals.

While aluminum chloride, aluminum nitrate and aluminum sulphate have many
commercial applications in Canada, releases of aluminum to the environment from most
commercial applications are expected to be small. However there is potential for release of
relatively large amounts of aluminum resulting from the use of aluminum chloride and
aluminum sulphate in water treatment plants (industrial water, drinking water or wastewater).



In this application, aluminum will react rapidly, producing sludge, usually in the form of
aluminum hydroxide (AI(OH)3). Most sludge produced by municipal wastewater treatment
plants (MWWTPs) or industries is sent to landfills or spread on land, with the remainder being
composted, held in permanent lagoons, or incinerated prior to landfilling (Germain et al.
2000). Most provinces control DWTP waste flows through their respective systems of permits
and/or approvals. Sludge purged from clarifiers or accumulated in sedimentation basins of
drinking water treatment plants (DWTPs) cannot be released directly to the aquatic
environment in many provinces. It may be sent to sewers, incinerated with wastewater sludge
and landfilled, held in permanent lagoons, spread on land or landfilled. Likewise, backwash
waters (used to clean filters) cannot be discharged directly into open water bodies in many
provinces where these discharges are often subjected to requirements for pretreatment (e.g.,
diversion to sedimentation ponds) or diversion to MWWTPs. While many provinces do not
generally allow direct discharge to surface water of any DWTP effluents containing sludges or
backwash waters (e.g., Alberta, Manitoba, Ontario and New Brunswick), some of their
existing plants may continue to discharge effluents directly to surface waters. Communication
with provincial agencies indicates that these provinces are generally requiring some type of
environmental impact assessments of the subject discharges with consideration of alternatives
to direct discharge. Some existing large plants in these provinces have recently removed their
DWTP direct discharges from surface water (e.g., Britannia DWTP and Lemieux Island
DWTP in Ottawa, ON), or are developing plans for alternatives to direct discharge to surface
waters (e.g., certain plants in Alberta). In other provinces, direct discharge may be allowed
through provincial approvals systems if it is shown that the discharge results in no adverse
effects (defined based on varying criteria) on the receiving body of water (e.g., Saskatchewan,
Nova Scotia and Newfoundland). It should be noted that some provinces and territories either
do not have any coagulant usage for drinking water treatment, or they only use very small
amounts and have requirements for DWTP effluent treatment destined for surface water (e.g.,
Prince Edward Island, Yukon Territory, Northwest Territories and Nunavut Territory)
(Environment Canada unpublished 2008a)

While most aluminum is released in particulate form, a certain proportion occurs as the
dissolved metal and it is this form that is considered easily absorbed and therefore bioavailable
to aquatic organisms. The following section therefore discusses aluminum releases in general,
with additional emphasis given to dissolved forms. This approach was necessary because very
few studies examine monomeric aluminum levels in the environment or in anthropogenic
releases.

2.2.2.1 Natural Sources

Atmospheric deposition of aluminum on land or water is small compared with internal
releases by weathering and erosion of rock, soil and sediment (Driscoll et al. 1994).
Weathering and erosion of “alum”-containing rocks will release aluminum into soils and
streams, in part as Al'" and other dissolved cationic and anionic species, depending on pH and
the availability of complexing ions (Garrett 1998). These releases will be small, however, in
relation to releases from weathering and erosion of aluminosilicate minerals.

There are no reliable estimates of the quantities of aluminum released to the

environment by natural processes on a global scale, most of which comes from natural
aluminosilicate minerals. Quantification of total or dissolved aluminum releases in Canada and
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elsewhere is very difficult and can provide only a rough estimate. Using Garrels et al.’s (1975)
proposed global stream flux of 2.05 g/m® per year, total aluminum releases (including
particulate material) were estimated to be approximately 20.45 million tonnes per year for
Canada. Studies of weathering flux in selected Canadian and U.S. catchments (e.g., Likens et
al. 1977; Kirkwood and Nesbitt 1991) yield similar or somewhat lower estimates (2 to
20 million tonnes per year) when extrapolated to the whole of Canada.

2.2.2.2 Anthropogenic sources

Very limited information is available on historical releases of the three aluminum salts.
Accidental releases are reported to Environment Canada’s National Analysis of Trends in
Emergencies System (NATES) database and, more recently, the National Enforcement
Management Information System and Intelligence System (NEMISIS). Between 1974 and
1991, 24 events released 316.2 tonnes of aluminum sulphate, mainly to land, and
approximately 80% of the spilled material was recovered. Four accidental releases of
aluminum chloride occurred in 1986 and 1987, and the product was not recovered on two
occasions, resulting in a total release of 18.18 tonnes (Environment Canada 1995). Six spills
involving the three aluminum salts subject to this assessment were reported from 1992 to
2008, all for aluminum sulphate. Approximately 40,000 liters of aluminum sulphate were
released during these events, to both land and surface water, with no identified recovery of the
spilled material. None of the reported incidents related to municipal or industrial effluent
discharges (Environment Canada 2008b).

Municipal drinking water and wastewater treatment plants are the main users of
aluminum sulphate, aluminum chloride and other aluminum-based polymeric products.
Aluminum salts are used as coagulants and flocculants to cause fine materials that are
suspended, soluble or both to agglomerate, for subsequent removal via sedimentation and
filtration. As part of this agglomeration or coagulation process, most of the aluminum
associated with the added aluminum salt hydrolyses to aluminum hydroxide, which
precipitates and becomes part of the floc structure. As such, it makes up a part of the sludge
generated by the treatment process. A small amount of the aluminum added may stay with the
finished water in either colloidal particulate (AI(OH);) or soluble form (e.g., AlOH™,
AI(OH),", AI(OH);, AI(OH)y), dictated by the conditions of the treatment process and in
particular, the pH (see Figure 2.1 below and from Stumm and Morgan 1981) .

While no comprehensive inventory of releases of aluminum associated with
commercial use of aluminum salts exists, order-of-magnitude estimates derived from
information provided by Canadian producers and users confirm that most releases are
associated with wastewater treatment processes (approximately 43% in 2006), with drinking
water treatment plants accounting for the majority of the remainder (about 36%; Table 2.3;
Cheminfo Services Inc. 2008). All other sources are relatively minor. Again, most quantities
are reported in terms of the elemental aluminum present in the respective salts. Approximately
three quarters of the releases are to land, including: landfill, application on farms, and
permanent lagoons. It is estimated that 5% of the aluminum used at pulp and paper mills for
paper sizing is released to water courses (rivers or lakes), while 95% is contained on the paper,
which is assumed to receive eventual disposal to landfills and composting in a minor, but
growing proportion (2008 email from Canadian Wastewater Association to J. Pasternak,
Environment Canada; unreferenced).
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Table 2.3 Estimated total releases in Canada of aluminum from aluminum salts' for 2006, by

application
(kilotonnes aluminum; Cheminfo Services Inc. 2008)
Drinking | Receiving | Storage in
Water Water Lagoon |Landfill] Farms | Total
Water Water Land Land Land

Municipal Drinking Water
Treatment Plants” 0.1 3.2 0.1 2.2 5.7
Municipal Wastewater
Treatment Plants’ 0.4 0.06 2.0 45 6.9
Industrial Fresh Water
Treatment 0.02 0.5 0.02 04 1.0
Industrial Wastewater Treatment 0.06 0.01 0.3 0.6 0.9
Pulp and Paper Additive 0.1 1.2 1.2
Miscellaneous 0.2 0.2
Total 0.12 43 0.2 6.3 5.1 16.0

Percent of Total

Municipal Drinking Water

Treatment Plants 1% 20% 1% 14% 36%
Municipal Wastewater

Treatment Plants 3% 0.4% 12% 28% 43%
Industrial Fresh Water

Treatment 0.1% 3% 0.1% 2% 6%
Industrial Wastewater Treatment 0.3% 0.05% 2% 4% 6%
Pulp and Paper Additive 0.4% 7% 8%
Miscellaneous 2% 2%
Total 1% 27% 1% 39% 32% 100%

" Includes aluminum sulphate, aluminum chloride, polyaluminum sulphate, polyaluminum chloride, aluminum
chlorohydrate and sodium aluminate.

% This excludes aluminum that is contained in effluents sent to wastewater treatment plants

3 This includes aluminum that is contained in effluents obtained from drinking water treatment plants

Most of the aluminum releases are from the use of aluminum sulphate, which is the
aluminum salt having the highest quantity of consumption in Canada (Table 2.4; Cheminfo
Services Inc. 2008).
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Table 2.4 Estimated total releases of aluminum, by salt, for 2006
(kilotonnes aluminum; Cheminfo Services Inc. 2008)

Drinking | Receiving |Storage in

Water Water Lagoon | Landfill | Farms Total
Aluminum Sulphate 0.1 3.6 0.2 5.0 3.1 12.0
Polyaluminum Chloride 0.02 0.7 0.03 0.9 0.6 2.3
Aluminum Chlorohydrate 0.01 0.1 0.01 0.2 0.1 0.5
Polyaluminum Sulphate 0.003 0.1 0.005 0.1 0.1 0.3
Sodium Aluminate 0.01 0.2 0.01 0.3 0.2 0.7
IAluminum Chloride 0.004 0.1 0.00 0.1 0.1 0.3
Total 0.2 4.8 0.2 6.6 4.2 16.0

Approximately 2% of the total aluminum used by municipalities for drinking water
treatment (6.8 kilotonnes; see Table 2.2) ends up in drinking water (Table 2.3; Cheminfo
Services Inc. 2008). A survey of 102 Canadian water treatment facilities conducted in 2006
found that over 80% of drinking water treatment plants (DWTPs) that use aluminum salts as
coagulants and flocculants measure the concentration of aluminum in the treated water. The
survey considered data from municipal drinking water and wastewater treatment facilities
across Canada, primarily from larger municipalities (population > 100,000), although a small
sample of small-to-medium sized municipalities was included (population range 20,000-
100,000; Cheminfo Services Inc. 2008). Outlet concentrations in drinking water at the
surveyed DWTPs which used aluminum ranged from 0.005 to 0.2 mg/L, with an average
value of 0.067 mg/L. For comparison, Health Canada’s Guidelines for Canadian Drinking
Water Quality are 0.1 mg/L for conventional treatment plants using aluminum-based
coagulants and 0.2 mg/L for other treatment systems using aluminum-based coagulants
(Health Canada 2007a).

Less than half of the aluminum used at drinking water plants is released to receiving
waters — mostly as solid aluminum hydroxide sludge (Cheminfo Services Inc. 2008). Notable
examples of this practice occur in water treatment plants in Toronto. Most of the remaining
aluminum is contained in sludge that is sent to landfill. Some of the sludge from drinking
water facilities (commonly called “filter backwash solids”), in dilute form, may also be sent to
wastewater treatment facilities in the municipality. Results from the 2006 survey suggest that
approximately 16% of the aluminum used at drinking water treatment facilities is contained in
sludge sent to nearby wastewater treatment facilities. A very small portion (~2%) remains
permanently stored in lagoons, which for assessment purposes has been assumed to be a land
destination. The 2006 survey did not identify any sludge from drinking water treatment plants
going to farms; however, it is possible that some disposal by this method may be occurring in
Canada as a small proportion of DWTP sludge was identified for landfarming in the earlier
survey conducted for 1995 and 1996 (Germain et al. 2000).

In a study done with sludge from Calgary and Edmonton, AEC (1987) found that less
than 0.02% of aluminum bound with sludge (containing 78,187 mg Al/kg dw) was released in
water (i.e., 0.20 to 0.32 mg/L). Srinivasan et al. (1998) studied the speciation of aluminum at
six different stages of water treatment at Calgary’s DWTP. Total aluminum concentrations
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ranged from 0.038 to 5.760 mg/L, and dissolved inorganic aluminum concentrations varied
from 0.002 to 0.013 mg/L. George et al. (1991) measured monomeric aluminum
concentrations of less than 0.06 mg/L in alum sludge from ten different DWTPs containing up
to a total of 2,900 mg Al/L; Calgary’s DWTP was one of the plants studied.

Calgary’s DWTP reported the aluminum content in backwash water following the
cleaning of its filters. Dissolved aluminum levels ranged from 0.07 to 0.44 mg/L, and total
aluminum concentrations varied from 0.76 to 3.3 mg/L. The backwash waters from this
DWTP were not released to the river but were treated and sold as fertilizer (Do 1999).

Most of the aluminum discharged from municipal wastewater treatment plants
(MWWTPs) surveyed in the 2006 study is associated with sludge. Approximately two thirds
of the aluminum in MWWTP sludge is applied to farmland, with most of the balance (around
30%) being sent to landfill. About 5% of total aluminum releases are to surface waters and a
very small proportion (less than 1%) is stored permanently in lagoons (Table 2.3). In Quebec
City, the sludge from the drinking water treatment plant is directed to MWWTP where the
resulting sludge is dried and incinerated with residential waste (co-incineration). The mineral
and non-combustible component of the sludge is then landfilled (2008 email from Canadian
Wastewater Association to J. Pasternak, Environment Canada; unreferenced). In most cases,
the sludge sent to landfills was first sent for anaerobic digestion (where methane gas is
generated from the organic content and used for plant energy) and the remaining solids
concentrated to remove excess water. Some provinces (e.g., Alberta, Ontario and Quebec)
have guidelines for the disposal of sewage sludge on agricultural land; spreading on
agricultural land is permitted only when the pH is greater than 6.0 or when liming and
fertilization (if necessary) are done. Although not a common practice, a few of the
municipalities participating in the 2006 survey provided measured concentrations for
aluminum present in sludge solids from their plants. In general, these values were in the range
of 10 to 60 mg per gram of solids (dry basis) (Cheminfo Services Inc. 2008).

Final effluent concentrations of aluminum were not always available for MWWTPs
participating in the 2006 survey (Cheminfo Services Inc. 2008). Where data were available,
reported concentrations ranged from 0.013 to 1.200 mg/L, with an average value (weighted by
water volume treated) of 0.816 mg/L. The form of the aluminum measured was not specified.
Many of the MWWTPs surveyed relied on substances other than aluminum to treat
wastewater, such as iron salts (ferrous and ferric chloride) and/or polyacrylamides, while
others did not use any chemicals in their water treatment process.

Only two respondents to the 2006 survey provided information on aluminum
concentrations in receiving waters in the vicinity of their effluent outfalls. The typical
background level of dissolved aluminum in Lake Ontario in the vicinity of Toronto was
reported to be approximately 0.010 mg/L, while typical concentrations in the North
Saskatchewan River near Edmonton were 0.020 to 0.040 mg/L (Cheminfo Services Inc. 2008).
These data are insufficient to determine in a useful way the contribution of aluminum from
aluminum salt consumption in receiving waters. In the original State of the Science (SOS)
report (Environment Canada and Health Canada 2000), it was determined that while extensive
data on total aluminum concentrations in Canadian surface water are available, few data exist
in areas close to sites where releases occur. The situation for sediment and soil is similar, in
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that data exist for the Canadian environment in general, but not for areas where releases occur.
The state of available relevant concentration data has not changed since 2000.

In addition, changes in policies and procedures relating to the direct release of
treatment plant effluents into surface waters have occurred since the publication of the original
SOS report. In 1993, a total aluminum concentration of 36 mg/L was measured just
downstream of the Regional Municipality of Ottawa-Carleton’s (RMOC) DWTP discharge
pipe, while the concentration 200 m downstream of the plant was 0.5 mg/L (Germain et al.
2000). Similarly, in 1998, sediment concentrations in the Ottawa River were 125,160, 51,428
and 41,331 mg/kg dw at points closest to, 300 m, and 500 m downstream of the DWTP,
respectively, and were significantly elevated compared with control and upstream values of
17,543 and 20,603 mg/kg dw, respectively. In 2008, all wastes from the plant were diverted to
a nearby MWWTP, effectively eliminating the direct discharge of aluminum-bearing sludge
into the river (Environment Canada 2008c). However, it will likely take some time before
conditions in bottom sediment in the vicinity of the DWTP outfall return to those in line with
non-impacted areas.

Germain et al. (2000) reported mean total aluminum levels in the effluent of some
MWWTPs using aluminum salts. Concentrations varied from 0.03 to 0.84 mg/L, and the
maximum value reported by one plant reached 1.8 mg/L. These figures are in the same order
of magnitude as those reported by Orr et al. (1992) for 10 Ontario MWWTPs and by MEF and
Environnement Canada (1998) for 15 Quebec MWWTPs, and agree well with those of
Cheminfo Services Inc. (2008) reported above. Some plants do not use aluminum-based
coagulants and flocculants but still reported aluminum levels in their effluents; their mean
total aluminum levels ranged from 0.003 to 0.90 mg/LL (Germain et al. 2000). Many
wastewater treatment plants, such as those in Quebec, receive influents from combined sewers
which collect both wastewater and stormwater. In these cases, part of the solids content of the
influent will come from urban drainage that could contain aluminum-bearing solids from
erosion processes and other sources. The content of wastewater treatment plant influents is
determined by the nature and proportions of their primary inputs (i.e., residential, commercial,
institutional, industrial) and contaminants present in these waters may also appear in the
effluent, depending on the treatment process (2008 email from Canadian Wastewater
Association to J. Pasternak, Environment Canada; unreferenced).

Federal, provincial/territorial and municipal governments all play a role in managing
treated drinking water quality in Canada (Cheminfo Services Inc. 2008). Voluntary guidelines
have been established for aluminum concentrations in drinking water, and while
provincial/territorial and municipal government authorities recognize these guidelines, they
have not been adopted as mandatory standards. For example, in British Columbia, Alberta,
Newfoundland and Manitoba, the Guidelines for Canadian Drinking Water Quality -
Technical Documents: Aluminum as specified by Health Canada (i.e., 0.1 mg/L for
conventional treatment plants using aluminum-based coagulants and 0.2 mg/L for other
treatment systems using aluminum-based coagulants) are recognized, but specific standards
have not yet been fully incorporated into operating permits for treatment facilities. In Ontario,
Certificates of Approval with a limit of 0.1 mg/L are issued to drinking water treatment plants;
however, this limit is included as a guideline rather than a standard. In Quebec, no limits on
aluminum content in drinking water are found in the provincial regulations (including the
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Regulation Respecting the Quality of Drinking Water), and operating approvals are not
required by wastewater treatment facilities (Cheminfo Services Inc. 2008).

Similarly, no federal legislation specific to municipal wastewater effluent discharges is
in place (Cheminfo Services Inc. 2008). The federal government enforces CEPA (1999) that
governs the releases of toxic substances to the environment, and the Fisheries Act that protects
Canadian waters against the deposit of deleterious substances into fish habitat. In recent years,
federal, provincial, and territorial governments have been working to develop a Canada-wide
Strategy for the Management of Municipal Wastewater Effluent through the Canadian Council
of Ministers of the Environment (CCME 2008); however, release standards for aluminum are
not currently proposed or under development under the Strategy.

Less information is available on industrial releases of aluminum salts. The pulp and
paper sector is the primary industrial user of aluminum salts, with applications in water
treatment and as a paper additive. Alum is more commonly used for water treatment at mills in
the warmer months of the year, while polyaluminum chloride (PAC) and polyaluminum
silicate sulphate (PASS) have been found to be more effective winter coagulants. Recent
quantitative release data for industrial uses are not available, although average concentrations
of residual aluminum in treated water are estimated to be in the range of 0.02 mg/L (Cheminfo
Services Inc. 2008). A 35% to 40% decrease in use of aluminum salts as a pulp and paper
additive has been reported for the period 2000 to 2006, indicating a significant reduction in
demand for this application (Cheminfo Services Inc. 2008).

Germain et al. (2000) reported mean total aluminum levels ranging from 0.46 to
4.8 mg/L in wastewaters released into rivers by the pulp and paper industry over the period
1990 to 1997. Mean total aluminum levels measured for other types of industries ranged from
0.01 to 2.3 mg/L. Since 1995, pulp and paper mills have been subject to the Pulp and Paper
Effluent Regulations passed in 1992 under the Fisheries Act. In Quebec, for example,
implementation of these regulations has led to a mean reduction of approximately 60% in total
aluminum concentrations present in effluents (Germain et al. 2000). Environmental Effects
Monitoring (EEM) reports published by the pulp and paper industry provide information on
the distance from point of discharge that is required to dilute an effluent to less than 1% in the
receiving water body. In some cases, only a few metres were needed, while in others, up to
300 km was required. In these cases, water input from other watercourses was needed to
achieve dilution to 1%.

Sludge containing aluminum from the salts used in industrial water treatment can be
sent to landfill or to steam boilers and co-generation units that handle bark, sludge, or other
fuels (Cheminfo Services Inc. 2008). Aluminum may be present in the fly ash after burning of
the sludge, although a small portion may also be emitted to air along with particulate matter
(PM) emissions. No data are available on aluminum concentrations in fly ash; however,
potential PM emissions are usually controlled with baghouses, electrostatic precipitators or
other PM control systems.

The use of sludge derived from aluminum-based water treatment facilities as a soil

amendment is the primary pathway by which aluminum salts enter the terrestrial environment.
It is likely that the amount of aluminum added to soil through this practice is small in
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comparison with aluminum naturally present in soil. Sludge disposal guidelines specifying
maximum application rates and soil pH requirements exist for a number of provinces. In
Ontario, sludge application rates cannot exceed 8 tonnes solids/ha/5 years and the pH of the
receiving soil must be greater than 6.0 or liming is required (ME and MAFRA 1996). Still,
potential exists for the release of aluminum into soil due to high amounts of the metal present
in sludge residuals (Mortula et al. 2007). In addition, a shift in soil pH at the site of sludge
application could mobilize aluminum in the sludge by shifting the chemical equilibrium
towards more soluble forms of the metal. Soil acidification may occur during high water
discharge events (e.g., storm events), when water entering the sludge deposition area has
interacted with organic matter or travelled through more acidic upper mineral soils (Pellerin et
al. 2002). Aluminum solubilized in this process is then available to be transported to adjacent
soils or water bodies along shallow flow paths in the soil.

2.3 Exposure Characterization

2.3.1 Environmental Fate

The sections below summarize the information available on the distribution and fate of
aluminum and the three aluminum salts, aluminum chloride, aluminum nitrate and aluminum
sulphate, in the environment. A more detailed discussion on environmental fate can be found
in Bélanger et al. (1999), Germain et al. (2000) and Roy (1999a).

2.3.1.1 Air

In air, hydrated aluminum chloride will react with moisture to produce hydrochloric
acid and aluminum oxide (Vasiloff 1991). Aluminum nitrate and aluminum sulphate are likely
to react in the same way, forming nitric and sulfuric acids, respectively. As the three
aluminum salts that are the subject of this assessment are not usually emitted to air, the
amount of aluminum present in air due to these salts is expected to be negligible compared
with amounts coming from the natural erosion of soil (Environment Canada and Health
Canada 2000).

2.3.1.2 Water

Natural sources of aluminum release to aquatic systems include weathering of rocks,
glacial deposits and soils and their derivative minerals, and atmospheric deposition of dust
particles. The most obvious increases in aluminum concentrations have consistently been
associated with environmental acidification (Driscoll and Schecher 1988; Nelson and
Campbell 1991). For this reason, recently observed changes in global climate and alterations
in the acidity of atmospheric and oceanic systems, both resulting at least in part from human
activities, have the potential to influence the presence and mobility of aluminum in the
environment (Pidwirny and Gow 2002; Crane et al. 2005). The relationship is complex,
however, and more research is needed in order to elicit the nature of potential impacts and
their consequences for biota. Crane et al. (2005) postulated that increasingly severe weather
patterns occurring as a consequence of global climate change, such as an increased incidence
of prolonged heavy rainfall in some areas, may intensify physical and chemical weathering
processes. When combined with the effects of acidification of waters, this could lead to
significant changes in the speciation and mobility of aluminum and other metals.
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Soil minerals such as gibbsite (AI(OH);) and jurbanite (AISO4(OH)*5H,O) are
considered the primary sources of aluminum release to the aqueous environment, especially in
poorly buffered watersheds (Driscoll and Schecher 1990; Campbell et al. 1992; Kram et al.
1995). In more buffered watersheds, a solid-phase humic sorbent in soil is involved in the
release of aluminum (Cronan et al. 1986; Bertsch 1990; Cronan and Schofield 1990; Cronan et
al. 1990; Seip et al. 1990; Taugbol and Seip 1994; Lee et al. 1995; Rustad and Cronan 1995).

The three aluminum salts—chloride, nitrate and sulphate—are highly soluble and will
form various dissolved species on contact with water. The fate and behaviour of aluminum in
the aquatic environment are very complex. Aluminum speciation, which refers to the
partitioning of aluminum among different physical and chemical forms, and aluminum
solubility are affected by a wide variety of environmental parameters, including pH, solution
temperature, dissolved organic carbon (DOC) content, and the presence and concentrations of
numerous ligands. Metals in solution may be present as dissolved complexes, as “free” or
aquo ions, in association with particles, as colloids or as solids in the process of precipitating.
Colloidal particles (i.e., those in the range of 0.001 to 1 um) are important in the transport of
metals in stream ecosystems (Kimball et al. 1995; Schemel et al. 2000), as well as the
accumulation of metals in sediment (Church et al. 1997) and biofilm (Besser et al. 2001), and
the transfer to biota. Farag et al. (2007) proposed that colloids and biofilm may play critical
roles in the pathway of metals to the food chain. The reactivity of aluminum, as well as
geochemical behaviour, bioavailability and toxicity, are dependent upon its speciation (Neville
et al. 1988; Gagnon and Turcotte 2007).

There are two general types of ligands that can form strong complexes with aluminum
in solution. Inorganic ligands include anions such as sulphate (SO4>), fluoride (F"), phosphate
(PO4™), bicarbonate (HCO5s") and hydroxide (OH’), among others. Organic ligands include
oxalic, humic and fulvic acids (Driscoll et al. 1980; Sparling and Lowe 1996). The relative
concentrations of the inorganic and organic ligands generally determine the proportions and
type of complexes that are formed in solution.

Interactions with pH (Campbell and Stokes 1985; Hutchinson and Sprague 1987;
Schindler 1988; Driscoll and Postek 1996) and DOC (Hutchinson and Sprague 1987; Kullberg
et al. 1993) are of primary importance to the fate and behaviour of aluminum. DOC will
complex with aluminum in water, forming aluminum-organic complexes and reducing
concentrations of monomeric forms of aluminum (Farag et al. 1993; Parent et al. 1996). At a
pH of 4.5, a concentration of 1 mg DOC/L can complex approximately 0.025 mg Al/L, with
this complexing capacity increasing as pH increases (Neville et al. 1988). Fractions of
dissolved organic aluminum were estimated for various rivers in Canada using the MINEQL+
(Schecher and McAvoy 1994) and WHAM (Tipping 1994) models; the results suggested that
the importance of complexation with dissolved organic material (DOM) decreased over the pH
range 7.0 to 8.5, likely due to reduced concentrations of the AI’" and AIOH*" species which
can associate with DOM (Fortin and Campbell 1999).

Aluminum is a strongly hydrolysing metal and is relatively insoluble in the neutral pH
range (6.0-8.0) (Figure 2.1). In the presence of complexing ligands and under acidic (pH < 6)
and alkaline (pH > 8) conditions, aluminum solubility is enhanced. At low pH values,
dissolved aluminum is present mainly in the aquo form (AI’"). Hydrolysis occurs as pH rises,
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resulting in a series of less soluble hydroxide complexes (e.g., AI(OH)*", Al(OH),).
Aluminum solubility is at a minimum near pH 6.5 at 20°C and then increases as the anion,
AI(OH)4, begins to form at higher pH (Driscoll and Schecher 1990; Witters et al. 1996).
Thus, at 20°C and pH < 5.7, aluminum is present primarily in the forms AI’* and AI(OH)*". In
the pH range 5.7 to 6.7, aluminum hydroxide species dominate, including Al(OH)*" and
Al(OH),", and then AI(OH);. Typically, at a pH of approximately 6.5, AI(OH); predominates
over all the other species. In this range, aluminum solubility is low, and availability to aquatic
biota should also be low. At pH > 6.7, AI(OH), becomes the dominant species. Aluminum-
hydroxide complexes predominate over aluminum-fluoride complexes under alkaline
conditions. However, the aluminum speciation determined for some rivers in Canada indicated
that only one river, of pH less than 7, had a significant concentration (> 1%) of aluminum-
fluoride complexes (Fortin and Campbell 1999). It is important to note that the various
aluminum species described above are always present simultaneously at any pH value. The
influence of pH in aquatic systems is mainly to change the proportion of all the species as the
pH changes (2008 email from Canadian Wastewater Association to J. Pasternak, Environment
Canada; unreferenced).

Mononuclear aluminum hydrolytic products combine to form polynuclear species in
solution (Bertsch and Parker 1996). Aluminum begins to polymerize when the pH of an acidic
solution increases to over 4.5:

2A1(OH)(H,0)s>" === Al,(OH),(H,0)s*" + 2H,0

Polymerization gradually proceeds to larger structures, eventually leading to the
formation of the Al;; polycation (Parker and Bertsch 1992a, 1992b). In nature, conditions that
favour the formation of polynuclear forms of aluminum can occur during the liming of acidic
aluminum-rich watersheds (Weatherley et al. 1991; Lacroix 1992; Rosseland et al. 1992) and
possibly during the addition of alum to circumneutral waters (Neville et al. 1988; LaZerte et
al. 1997).
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Figure 2.1 Solubility of aluminum species (and total aluminum, Al;) in relation to pH in a system in
equilibrium with microcrystalline gibbsite
(0.001 mM = 0.027 mg/L; Driscoll and Schecher 1990)
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Temperature has been shown to influence the solubility, hydrolysis and molecular
weight distribution of aqueous aluminum species as well as the pH of solutions. Lydersen et
al. (1990b) reported a higher degree of aluminum hydrolysis and greater polymerization to
high molecular weight species in inorganic aluminum solutions stored for one month at 25°C
compared with those stored for an equivalent period at 2°C. The researchers hypothesized that
more advanced polymerization evident at the higher temperature resulted in more
deprotonation and condensation reactions, possibly accounting for the observed lower pH of
the 25°C test solutions (range 4.83 to 5.07 versus 5.64 to 5.78 in the solutions at 2°C).
Solubility and sedimentation were significantly higher at 25°C, with dissolution controlled by
microcrystalline gibbsite. While substantial amounts of high molecular weight aluminum
species were present in the solution at 2°C, little sedimentation was observed. Dissolution at
the lower temperature appeared controlled by an amorphous Al(OH)s(s) with much higher
solubility and, therefore, a high proportion of the high molecular weight inorganic aluminum
species remained as colloids in the solution. The effects of low temperature on the coagulation
efficiency of aluminum sulphate have been studied in relation to water treatment processes
(Braul et al. 2001; Wobma et al. 2001; Kundert et al. 2004). The results provide further
evidence that temperature-dependent fluctuations in the predominant aluminum species
present in an aquatic system may occur in regions of Canada that experience marked seasonal
fluctuations in temperature.
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When released into water, for example within a drinking water treatment plant
(DWTP), most of the aluminum associated with the aluminum salts considered in this report
hydrolyses to form aluminum hydroxides (Hossain and Bache 1991). Reactions between
aluminum salts, water and associated “impurities” result in the formation of a floc, which
separates from the water phase to form alum sludge. A small fraction of the aluminum can
stay in the water in either colloidal or dissolved form. Barnes (1985) describes the different
reactions involved in the formation of aluminum hydroxide in aqueous solution; the overall
reaction can be represented by the following equation:

Aly(SO4); + 6H,0 2A1(OH);’ + 3H,S0,

The aluminum hydroxide present in sludge is expected to remain mostly solid
following release into surface water. Ramamoorthy (1988) showed that less than 0.2% of the
aluminum hydroxide present in sludge was released in supernatant water at a pH of 6 and less
than 0.0013% was released at pH 7.65. In both cases, aluminum hydroxide was present mostly
in particulate form. At these pH values, aluminum solubility is low and kinetics favour the
formation of solid aluminum hydroxide.

When used to treat sewage water, alum will also react with phosphate, as shown in the
following reaction (Romano 1971; Barnes 1985):

Aly(SO4); + 2PO4> AIPO4(s) + 3S04™

This process has been used for many years to treat phosphorus in wastewaters, as well
as to reduce phosphorus levels in runoff from land fertilized with poultry litter and restore
phosphorus-enriched eutrophic lakes (Lewandowski et al. 2003).

Kopacek et al. (2001) examined the possible role of aluminum in influencing the
natural cycling of phosphorus, which is often a limiting nutrient in aquatic systems. The
researchers postulated that aluminum from nearby lower pH soils may enter circumneutral
water bodies during episodic acidification events, such as spring melt, leading to the formation
of colloidal aluminum oxyhydroxide flocs which will strongly adsorb orthophosphate in the
water column. The phosphate-bound particulate aluminum settles onto the lake bottom,
removing the bioavailability of this phosphorus to organisms in the water column. The
increasing sediment concentrations of aluminum-phosphorus floc disrupt the redox-dependent
cycling of phosphorus in the lake, indicating that while aluminum does not enter directly into
biotic cycles, it is capable of influencing the biogeochemical cycles of substances that are
integral to living systems. Based on the solubility characteristics of aluminum (see Figure 2.1),
this process may also occur when acidic waters, which generally contain the most aluminum
(Gensemer and Playle 1999), enter downstream waters of higher pH.

The cycling and availability of other trace elements (e.g., nitrogen) and of organic
carbon may also be influenced by the adsorption and coagulation properties of aluminum
(Driscoll and Schecher 1990; Lee and Westerhoff 2006). Dissolved organic carbon (DOC) has
been shown to provide an important weak acid/base buffering system that aids in the
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regulation of pH in dilute acidic waters and removal of DOC by adsorption to aluminum could
adversely affect pH conditions in a water body (Johannessen 1980; Driscoll and Bisogni
1984). As well, coagulation and removal of DOC and other light attenuating materials may
alter patterns of water column heating, resulting in decreased thermal stability in a water body
(Almer et al. 1974; Malley et al. 1982). Changes to the heating pattern and thermal
stratification of a lake can profoundly impact ecosystems by altering the vertical transport of
solutes and restricting coldwater fisheries (Driscoll and Schecher 1990).

Aluminum is highly reactive in seawater and will be rapidly scavenged by particulate
matter when released into this medium (Nozaki 1997). The mean oceanic residence time for
aluminum is predicted to be short compared to some other elements, in the range of 100 to 200
years, with vertical distribution dictated by terrestrial and atmospheric inputs at the surface,
intense particle scavenging throughout the water column, and some regeneration in bottom
waters (Orians and Bruland 1985). The higher ionic strength and relative magnitude of
individual ion concentrations in saline waters compared with freshwaters lead to differences in
coagulation reactions with aluminum salts. Duan et al. (2002) identified distinctly different
characteristics between the two water types with respect to colloid destabilization, coagulation
mechanisms, and colloidal removal. These differences can become important when water
treatment processes include release of effluent or backwash materials into marine or brackish
waters.

2.3.1.3 Sediment

Sediment, where metals are generally considered less biologically available, is
nonetheless an important medium for aluminum (Stumm and Morgan 1981; Campbell et al.
1988; Tessier and Campbell 1990). Aluminum occurs naturally in aluminosilicates, mainly as
silt and clay particles, and can be bound to organic matter (fulvic and humic acids) in
sediments (Stumm and Morgan 1981). At pH > 5.0, dissolved organic matter (DOM) can co-
precipitate with aluminum, thereby controlling its concentrations in lakes with elevated
concentrations of DOM (Urban et al. 1990). DOM plays a similar role in peatlands (Bendell-
Young and Pick 1995). At pH <5.0, the cycling of aluminum in lakes is controlled by the
solubility of mineral phases such as microcrystalline gibbsite (Urban et al. 1990). Lakes
receiving drainage from acidified watersheds can act as a sink for aluminum (Troutman and
Peters 1982; Dillon et al. 1988; Dave 1992).

Experimental acidification of lakes and limnocorrals has shown that aqueous aluminum
concentrations rapidly increase in response to acidification (Schindler et al. 1980; Santschi et
al. 1986; Brezonick et al. 1990). Mass-balance studies have demonstrated that retention of
aluminum by sediments decreases as pH decreases (Dillon et al. 1988; Nilsson 1988). Under
such conditions, sediments in acidified watersheds can provide a source of aluminum to the
water column (Nriagu and Wong 1986). Based on calculation of fluxes in acidic lakes, Wong
et al. (1989) suggested that sediment is a source of aluminum to the overlying water column.

The release of aluminum hydroxide sludge from drinking water treatment plants
(DWTPs) directly to surface waters is the primary pathway by which aluminum from
aluminum salts enters sediment. If water velocity is low at the point of discharge, much of the
released sludge will settle onto the surface of local sediment. Since, in Canada, the waters
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receiving such discharges are typically circumneutral, the solubility of aluminum in the sludge
will generally be minimal (Environment Canada and Health Canada 2000).

2.3.1.4 Soil

Atmospheric deposition of aluminum to soil is attributed mostly to the deposition of
dust particles and is generally low (Driscoll et al. 1994). Volcanic activity can also act as a
major natural source of aluminum to soil (Pichard 2005). Aluminum is the third most
abundant element in the earth's crust, making up approximately 8% of rocks and minerals and
accounting for about 1% of the total mass of the Earth (Landry and Mercier 1992; Skinner and
Porter 1989). Approximately 75% of Canada is covered by glacial till (Landry and Mercier
1992); examples of aluminum-bearing minerals inherited from glacial till (i.e., primary
minerals) are feldspars, micas, amphiboles and pyroxenes. Transformation of primary
minerals by chemical weathering reactions results in new solid phases (i.e., secondary
minerals). Aluminum-bearing secondary minerals such as smectite, vermiculite and chlorite
are often found in Canadian soils developed on glacial till.

Inputs of aluminum into soil solutions usually occur by mobilization of aluminum
derived from the chemical weathering of soil minerals. The most important reaction in the
chemical weathering of the common silicate minerals is hydrolysis. However, aluminum is not
very soluble over the normal soil pH range; thus, it generally remains near its site of release to
form clay minerals or precipitate as amorphous or crystalline oxides, hydroxides or hydrous
oxides. Silica is much more soluble than aluminum at normal soil pH and is always in excess
of the amount used to form most clay minerals, so that some is removed from the soil system
in leachates (Birkeland 1984). In some parts of the world, the extent of chemical
transformation by chelation is believed to exceed that by hydrolysis alone. In forest soils of
cold and humid regions, such as those of eastern Canada, aluminum is believed to be
transported from upper to lower mineral soil horizons by organic acids leached from foliage
and the slow decomposition of organic matter in the forest floor (Courchesne and Hendershot
1997). The movement of aluminum-organic complexes stops when the soil solution becomes
saturated (or when the aluminum-to-organic-carbon ratio reaches a critical value), thereby
reducing their solubility. In pristine conditions, aluminum is normally retained within the B
horizon of the soil. A third important reaction involving aluminum is the transformation of one
mineral into another through the exchange of interlayer cations (Sposito 1996).

Although the dissolution and precipitation reactions of aluminum-bearing minerals are
often good indicators of the solubility of aluminum in soils, they are by no means the only
pedogenic processes controlling the concentrations of aluminum in soil solutions. Many other
processes may partly control the uptake of aluminum by plants and soil organisms. Aluminum
may be 1) adsorbed on cation exchange sites, 2) incorporated into soil organic matter, 3)
absorbed by vegetation or 4) leached out of the soil system (Ritchie 1995). Aluminum can
form stable complexes with various types of soluble and insoluble organic matter, from simple
low-molecular weight organic acids to humic and fulvic acids (Vance et al. 1996; Ritchie
1995). Organic ligands play an important role in the speciation of aluminum in soil solutions
(David and Driscoll 1984; Driscoll et al. 1985; Ares 1986).

In eastern Canada, the atmospheric deposition of strong acids, such as nitric acid and
sulfuric acid, has accelerated the natural acidification of soil. The increased H" activity (lower
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pH) in the soil solution creates a new equilibrium where more A’ is dissolved in the soil
solution, cation nutrients (Ca>", Mg®" and K") are replaced on the soil exchange complex by
AP*" and the base cations are eventually leached out of the soil.

There may be significant variation in AI’" solubility with depth in a soil profile
(Hendershot et al. 1995). In the surface horizons, the soil solutions tend to be undersaturated
with respect to aluminum-bearing minerals; in the lower B and C horizons, aluminum in soil
solutions can be expected to be near equilibrium with some aluminum solids. Although the
equilibrium concentration is close to that which would be expected if gibbsite were controlling
equilibrium, gibbsite has generally not been identified in Canadian soils. Other forms of
aluminum, for example, hydroxy interlayered vermiculite, may control aluminum solubility at
values close to those of gibbsite. Amorphous aluminum complexed with organic matter may
also have a similar pH solubility curve that is a function of the pH-dependent variation in the
number of binding sites.

Fluoride and hydroxide complexes are the two strongest groups of inorganic ion
associations with aluminum in soil solutions (Nordstrom and May 1995). In very acidic soils,
aluminum in the soil solution is present mainly as free AI’"; as pH increases, free A’
hydrolyses to form complexes with OH™ ions (e.g., AIOH*", Al(OH),", Al(OH);"). Near
pH 6.5, aluminum solubility is at a minimum, but it increases at neutral to alkaline conditions
because of the formation of AI(OH)4 (Driscoll and Postek 1996). According to Lindsay et al.
(1989), fluorine, the most electronegative and one of the most reactive elements, is released as
fluoride ion through the dissolution of fluoride-bearing minerals. In acidic soils (pH < 5.5),
low-ligand-number complexes such as AIF*" are normally formed. In neutral to alkaline
conditions, it is more difficult for F* to compete with OH for aluminum in the soil solution
because of the increased level of OH™ and probably the presence of calcium that tends to link
with fluoride (CaF,). Consequently, aluminum-hydroxide complexes predominate over
aluminum-fluoride complexes in alkaline conditions.

The complexation of aluminum with sulphate is weaker than that with fluoride.
However, in acidic soils where the sulphate concentration is high, aluminum may also form
aluminum-sulphate complexes (Driscoll and Postek 1996). At low sulphate concentrations,
AlSO," is the dominant aqueous form, whereas Al(SOs); is predominant in soil solutions with
higher sulphate concentrations. Brown and Driscoll (1992) showed that several
aluminosilicate complexes, including AISiO(OH);*", are present in various regions of the
eastern U.S. and Canada.

It has been shown that most dissolved aluminum in soil solution of the forest floor is
organically bound and that these aluminum-organic complexes become less abundant with
increasing soil depth (Nilsson and Bergkvist 1983; David and Driscoll 1984; Driscoll et al.
1985). In the Adirondacks of New York, David and Driscoll (1984) found that 82% and 93%
of the total dissolved aluminum in the organic horizons of conifer and hardwood stands,
respectively, were organically complexed. The proportion of organic to inorganic aluminum
decreased at both sites from the organic to the upper mineral horizons and from the upper to
the lower mineral horizons. In the soil solutions of the mineral horizons, aluminum-organic
complexes accounted for 67% and 58% of the total aluminum in the conifer and hardwood
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sites, respectively, which indicates the importance of aluminum-organic complexes in humus-
rich forest soils of eastern North America.

2.3.1.5 Biota

In general terms, a substance is considered to be bioavailable if, under the conditions of
exposure, it can be taken up by organisms (Environment Canada 1996). The bioavailability of
a substance is determined by its chemical form, the physical and chemical characteristics of
the media (e.g., water, soil, food) in which it occurs, the receptor species, and the route of the
exposure (e.g., dermal contact, ingestion, inhalation). For metals such as aluminum, the “free”
or hydrated dissolved ions (i.e., Al**, AI(OH)*" and AI(OH),") are normally considered to be
the principal bioavailable forms (Newman and Jagoe 1994). However, there is evidence that
some other forms of a metal, such as organometallic compounds (e.g., of mercury and tin),
oxyanions of the metal (e.g., CrO4>, AsO4”), and dissolved organic and inorganic metal
complexes (e.g., colloidal and polynuclear aluminum complexes) can also be taken up by
organisms (Parker and Bertsch 1992b; Benson et al. 1994; Campbell 1995).

Bioavailability directly influences the potential for bioconcentration, bioaccumulation
and biomagnification of a substance in organisms. ICMM (2007) defines bioconcentration as
the increase in concentration of a substance in an organism (or specified tissues thereof)
relative to the concentration of the substance in the environmental medium (generally water)
to which it is exposed, bioaccumulation as the amount of a substance taken up by an organism
from water (bioconcentration) as well as through ingestion via the diet and inhalation, and
biomagnification as the process by which the tissue concentration of a bioaccumulated
substance increases as it passes up the food chain through at least two levels (Parametrix
1995). The three processes are significant indicators of the propensity of a substance to impart
toxicity to individual organisms and at higher trophic levels in the food chain. However,
bioaccumulation of essential elements (such as some metals) in organisms is typically subject
to metabolic regulation (ICMM 2007).

Bioconcentration factors (BCFs) and bioaccumulation factors (BAFs) are unitless
values derived by dividing steady state tissue concentrations of a substance by the steady state
environmental concentration (ICMM 2007). For synthetic organic compounds, the use of a
BCF and BAF threshold value (such as that of 5000 specified in the CEPA 1999 Persistence
and Bioaccumulation Regulations; Canada 2000) provides valuable information for the
evaluation of hazard and risk. Bioaccumulation is more complex for naturally occurring
inorganic substances such as metals, however, as processes such as adaptation and acclimation
can modulate both accumulation and potential toxic impact (ICMM 2007). All biota will
naturally accumulate metals to some degree without deleterious effect and as some metals are
essential elements, bioaccumulation does not necessarily indicate the potential for adverse
effects (McGreer et al. 2003). While metal bioaccumulation is homeostatically regulated for
metals essential to biological function (Adams et al. 2000), non-essential metals may also be
regulated to some degree as these homeostatic mechanisms are not metal-specific (ICMM
2007).

Thus, interpretation of the toxicological significance of bioaccumulation data for
metals such as aluminum is complex. A more complete discussion of aluminum bioavailability
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and the implications for bioaccumulation and toxicity can be found in Roy (1999a) and
Bélanger et al. (1999).

Few studies have examined the uptake and accumulation of aluminum by algae. While
the algal bioassays conducted by Parent and Campbell (1994) were not specifically designed
to determine the effect of pH on aluminum bioaccumulation, their data indicated that the
accumulation of aluminum by Chlorella pyrenoidosa increased with the concentration of
inorganic monomeric aluminum. In addition, the comparison of assays performed at the same
concentration of aluminum but at different pH values showed that aluminum accumulation
was suppressed at low pH (Parent and Campbell 1994). Aquatic invertebrates can also
accumulate substantial quantities of aluminum, yet there is evidence that most of the metal is
adsorbed to external surfaces and is not internalized (Havas 1985; Frick and Hermann 1990).
Using the results of Havas (1985), the bioconcentration factor (BCF) for Daphnia magna
varied from 10,000 at pH 6.5 down to O at pH4.5. Similar results, i.e., decreasing
accumulation of aluminum with decreasing pH, were reported for crayfish (Malley et al.
1988), caddisfly (Otto and Svensson 1983), unionoid clams (Servos et al. 1985) and a
chironomid (Young and Harvey 1991). Other studies with clams and benthic insects showed
no relationship between water pH and tissue accumulation (Sadler and Lynam 1985; Servos et
al. 1985). Frick and Herrmann (1990) found that the largest portion (70%) of the aluminum
was present in the exuvia of the mayfly, Heptagenia sulphurea, indicating that the metal was
largely adsorbed and was not incorporated into the organism.

BCFs for fish were calculated to range from 400 to 1,365 based on results presented in
Roy (1999a). Numerous field and laboratory studies have demonstrated that fish accumulate
aluminum in and on the gill. It has been suggested that the rate of transfer of aluminum into
the body of fish is either slow or negligible under natural environmental conditions (Spry and
Wiener 1991). The initial uptake of aluminum by fish essentially takes place not on the gill
surface but mainly on the gill mucous layer (Wilkinson and Campbell 1993). Fish may rapidly
eliminate mucus and the bound aluminum following the exposure episode. For example,
Wilkinson and Campbell (1993) and Lacroix et al. (1993) found that depuration of aluminum
from the gills of Atlantic salmon (Salmo salar) was extremely rapid once fish were transferred
into clean water. The authors suggested that the rapid loss is due to expulsion of aluminum
bound to mucus.

Far fewer studies have examined aluminum accumulation in benthic organisms.
However, chironomids do not appear to accumulate aluminum to the same degree as other
aquatic invertebrates. Krantzberg (1989) reported that the concentration of aluminum in
chironomids was < 0.3 nmol/g dw for the entire body and < 0.1 nmol/g dw for the internal
structures. Most aluminum is either adsorbed externally or is associated with the gut contents
of chironomids (Krantzberg and Stokes 1988; Bendell-Young et al. 1994).

BCFs for terrestrial plants were calculated based on data cited in the review by
Bélanger et al. (1999). For both hardwood and coniferous species, the calculated BCF ranged
from 5 to 1,300 for foliage and from 20 to 79,600 for roots in studies done with aluminum
solutions. For those conducted with soil, BCFs were lower for both foliage (0.03—1.3) and
roots (325-3,526). BCFs calculated for grain and forage crops ranged from 4 to 1,260 in
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foliage and from 200 to 6,000 in roots for experiments done with solutions. For soil
experiments, the foliar BCF varied from 0.07 to 0.7.

2.3.2 Environmental concentrations

To determine aluminum concentrations in various environmental media in Canada, the
most recent available data in Canada were used where possible, although data from other
countries were examined as well. Concentrations in environmental media to be used as input
into the human exposure assessment (i.e., air, drinking water, soil, and food) are estimated
based on total aluminum. Although other sources of aluminum are also presented (e.g.,
consumer products) to provide an overview of aluminum exposures, they are not used to
estimate general population exposure (see section 3.2.1). Bioavailability of aluminum in
different media in relation to absorption in humans is considered separately in section 2.3.3.
Data presented below are also relevant to the assessment of ecotoxicological effects.

2.3.2.1 Air
2.3.2.1.1 Ambient air

Ambient air at more than 40 Canadian sites, primarily in urban areas, was sampled
over a period of ten years (1996-2006). More than 10,000 samples were measured at different
sites throughout Canada, although the number varied from year to year. In 2006, only 25 sites
were measured, resulting in 1,400 samples, 96% of which had levels greater than the detection
limit (approximately 0.001 pg/m?).

Total aluminum concentrations measured in individual samples of PM;, (i.e.,
particulate matter smaller than 10 um in diameter) ranged from the detection limit to
24.94 pg/m’, with the lowest concentration being measured in Saint John, New Brunswick and
the highest in Vancouver, British Columbia (Dann 2007).

Figure 2.2 shows estimated mean aluminum concentrations measured in ambient air for
all sampling sites by province for the ten-year period. On the basis of these measurements
from across Canada, the estimated provincial/territorial mean aluminum concentration in PM;
is 0.17 pg/m’. This value was used for the purpose of assessing exposure of the Canadian
population to aluminum in ambient air.
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Figure 2.2 Mean aluminum concentrations in PM, in outdoor air from provinces and territories across
Canada (pg/m’) (1996-2006)
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For most of the Canadian sites where PM;o measurements were carried out, data were
also available for PM,s particles (i.e., smaller than 2.5 pm in diameter). Close to 20,000
measurements were available from 1998 to 2006, 77% of which had levels greater than the
detection limit. Using all available data, the mean aluminum concentration in PM; s in Canada
is approximately 0.069 pg/m’, with a maximum aluminum concentration of 9.24 pg/m’
measured in Vancouver, British Columbia (Dann 2007).

No published data were available on aluminum levels in ambient air in the vicinity of
aluminum smelters or other industries in Canada, and limited data from other countries were
identified. In an industrial area of the province of Turin in Italy, levels of 1.12 and 0.4 pg/m’
of aluminum were measured during industrial activity and during holidays, respectively,
(Polizzi et al. 2007). According to JECFA (2007), the concentration of aluminum in ambient
air of industrial areas may range from 25 to 2,500 pg/m’. It should be noted that the three
aluminum salts—chloride, nitrate and sulphate—are unlikely to have contributed significantly
to total concentrations measured in ambient air, as their use does not generally result in air
emissions of aluminum.

2.3.2.1.2 Indoor air

Few data on aluminum concentrations in indoor air in residential dwellings were
identified for Canada. Studies in the U.S. did provide data on aluminum in indoor air. These
findings are summarized below.

In 1990, a Particle Total Exposure Assessment Methodology (PTEAM) study was
conducted in Riverside, California, in which samples were collected from 178 non-smokers
over ten years of age. In addition to the personal sampling (portable sampler), stationary
samplers were set up inside the residential dwellings and outside near the entrance door.
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Airborne particle (PM;o and PM; s) samples were collected for two 12-hour periods (nighttime
and daytime), and more than 2,900 samples were analyzed (Clayton et al. 1993; Thomas et al.
1993). In this study, the aluminum concentrations exceeded the reporting limit of 0.5 pg/m’ in
more than half of the personal PM,, samples taken during the two periods. In the case of
PM, s, only 20% of the measurements exceeded the reporting limit. Estimated daytime median
concentrations of aluminum for the PM;, indoor, outdoor and personal exposure monitors
were 1.9, 2.5 and 3.4 ug/m’, respectively; the corresponding nighttime median concentrations
were 0.99, 1.7 and 1.0 pg/m’. Based on the average daytime and nighttime concentrations of
aluminum in PM particles, the estimated mean concentration of aluminum in indoor air was
about 1.49 pg/m’.

For the purpose of assessing exposure for the general Canadian population, this
estimated mean concentration of aluminum in PM; particles of 1.49 pg/m’ was considered to
represent the typical indoor air concentration of aluminum in Canada. As in the case of
ambient air, the three aluminum salts—chloride, nitrate and sulphate—are unlikely to have
contributed significantly to total aluminum concentrations measured in indoor air.

2.3.2.2 Water
2.3.2.2.1 Surface water

Aluminum is a naturally occurring element and is present in all water bodies in Canada
and elsewhere. Aluminum can be analysed under different forms, but historically results were
reported mostly as total aluminum because of the low cost and ease of analysis. In many cases,
results are also available for extractable or dissolved aluminum. Total aluminum represents all
the aluminum present in a water sample, including the particulate fraction. Extractable
aluminum includes both the “dissolved” fraction and weakly bound or sorbed aluminum on
particles, and “dissolved” aluminum represents the fraction present in a sample filtered
through a 0.45 pm membrane. All the bioavailable aluminum is considered to be present in
this fraction, but not all the dissolved aluminum is bioavailable. Colloidal aluminum (0.01 to
0.1 um) and organic aluminum (aluminum bound with soluble organic ligands) that are
included in this fraction are generally thought to be less bioavailable than truly dissolved
forms of the metal (Roy 1999a).

At reference lake and river sites across Canada that have not been influenced by
effluents from facilities using aluminum salts, mean total aluminum concentrations ranged
from 0.05 to 0.47 mg/L, with a maximum value of 10.4 mg/L, measured in British Columbia.
Mean extractable aluminum concentrations ranged from 0.004 to 0.18 mg/L, with a maximum
value of 0.52 mg/L found in a lake in the Abitibi region of Quebec. Mean dissolved aluminum
concentrations varied from 0.01 to 0.08 mg/L and the highest dissolved aluminum value
reported was 0.9 mg/L in British Columbia (Germain et al. 2000).

Aluminum was measured in water taken both upstream and downstream of facilities
using aluminum salts and releasing aluminum or aluminum salts, but sampling stations were
typically not located close enough to sources to allow the local impact of the effluents to be
assessed. Mean total aluminum levels generally varied from 0.002 to 2.15 mg/L, with a
maximum value of 28.7 mg/L, measured in the Oldman River, 40 km downstream of
Lethbridge, Alberta. Total aluminum levels are usually higher in the Prairies, in rivers with
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high total particulate matter content. Mean extractable aluminum concentrations ranged from
0.03 to 0.62 mg/L, and the maximum value of 7.23 mg/L was reached in the Red Deer River,
at Drumbheller, Alberta. Mean dissolved aluminum concentrations were much lower, ranging
from 0.01 to 0.06 mg/L. In surface water, the maximum dissolved aluminum concentration
(0.24 mg/L) was measured in the Peace River, Alberta (Germain et al. 2000). Concentrations
in downstream locations were not consistently elevated in relation to concentrations in
upstream locations, suggesting that the impacts of releases of aluminum salts are mostly local.

Although information on the forms of dissolved aluminum present at these monitoring
locations was not identified, results of equilibrium modelling suggest that most dissolved
aluminum in waters with pH values of 8.0 and higher is in inorganic monomeric forms (Fortin
and Campbell 1999). For the 12 Prairie locations where dissolved and total aluminum levels
were reported, pH levels were 8.0 or higher, and dissolved aluminum represented less than 3%
of total aluminum (Roy 1999b). The overall average concentration of dissolved aluminum at
these sites was 0.022 mg/L, similar to levels of inorganic monomeric aluminum reported in
comparatively pristine Adirondack surface waters (pH from ~5.8 to ~7.2), where most values
were around 0.027 mg/L (Driscoll and Schecher 1990).

Empirical data indicating an increase in aluminum levels in ambient water receiving
inputs of aluminum salts were available for only a few locations. A total aluminum
concentration of 36 mg/L was attained just downstream of the discharge pipe of a Regional
Municipality of Ottawa-Carleton’s (RMOC) DWTP in water samples taken following a
rountine release of backwash in 1993; samples taken 200 m downstream of the discharge pipe
showed a total aluminum level of 0.5 mg/L In 1994, the total aluminum level reached 11.3
mg/L just downstream of the discharge. In 2008, all wastes previously destined for the Ottawa
River from RMOC DWTPs were diverted completely to the local sewage treatment plant for
treatment prior to discharge (Wier, pers. comm. 2008). In the Kaministiquia River, the
increase in mean total aluminum noted from upstream to downstream stations corresponds
approximately to the inputs from the pulp and paper mill located in Thunder Bay, Ontario. The
mean difference of 0.071 mg/L observed in total aluminum concentrations for samples taken
on the same day at both stations for the period 1990-1996 is equivalent to the predicted
aluminum increase of 0.069 mg/L calculated with the aluminum releases reported by the mill
(Germain et al. 2000). For the Ottawa and Kaministiquia rivers, estimated dissolved
monomeric aluminum levels were 0.027 mg/L and 0.040 mg/L, respectively. These values
were obtained using the MINEQL+ model and estimated concentrations in effluents, assuming
solubility controlled by microcrystalline gibbsite (Fortin and Campbell 1999). Using boehmite
as the controlling phase provides lower dissolved inorganic aluminum levels (0.005 mg/L and
0.007 mg/L, respectively).

The Quebec Environment Ministry, now Ministere du Développement Durable, de
I’Environnement et des Parcs, and Environment Canada examined the toxic potential of
effluents generated by 15 municipal wastewater treatment plants in Quebec (Ministére de
I’Environnement du Québec and Environment Canada 2001). The plants were considered to
represent treatment methods used most commonly in Quebec and serviced over 50% of the
province’s population. Whole effluent sampling was conducted twice a year, during summer
and winter operating conditions, over the period 1996 to 1999. Total aluminum concentrations
in the effluents ranged from below the detection limit (0.002 to 0.1 mg/L) to 3.57 mg/L in
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summer and up to 4.25 mg/L under winter operating conditions. Concentrations remained at or
below 1 mg/L year-round in all but two of the plants; however, 20 out of 45 summer readings
and 25 out of 39 winter readings exceeded the maximum interim water quality guideline of
0.156 mg/L for the protection of freshwater life (water pH equal to or greater than 6.4) as
recommended by CCME (2003). The study concluded that ammonia nitrogen and surfactants
were mainly responsible for the observed effluent toxicity, with pesticides possibly a factor
during summer months; however, the presence of aluminum in the effluents at levels above
background may also have contributed to some extent. The results suggest that periodic
episodes of aluminum toxicity are possible in some receiving waters; however, the nature of
the collected data makes concluding on potential risk to the environment difficult. The study
was designed to evaluate the toxic potential of whole effluents and did not include
consideration of factors such as dilution effects, interactions between constituents in the
effluents, and natural background levels of aluminum in the receiving environments.
Therefore, while effluent concentrations may have exceeded the recommended water quality
guideline, it is uncertain whether these guidelines were also exceeded in the surface waters
receiving these effluents. In addition, it is likely that a large fraction of the total aluminum
present in the effluents was associated with particulates that would settle out of the water
column upon release into surface waters (Germain et al. 2000). This would substantially
reduce the potential for adverse impacts to pelagic organisms, although negative impacts to
benthic organisms could still occur. These impacts could relate directly to aluminum toxicity
or be associated with physical aspects such as blanketing effects and/or the presence of other
toxic contaminants.

Agencies such as the Greater Vancouver Regional District (GVRD; now Metro
Vancouver) routinely monitor wastewater products generated at municipal treatment plants, in
order to evaluate effluent quality and ensure compliance with provincial regulations such as
the Environmental Management Act. Wastewater monitoring in the GVRD is conducted by
the Greater Vancouver Sewerage & Drainage District (GVS&DD) and includes determination
of total and dissolved aluminum concentrations in wastewater treatment plant influents and
effluents, as well as estimates for influent and effluent loading of aluminum. Monthly data
summaries are provided on the GVRD website and these are compiled annually into a Quality
Control Report (http://www.metrovancouver.org/services/wastewater/treatment
/Pages/montoring.aspx). For 2006, the latest report available on the website, influent
concentrations measured at the five wastewater treatment plants operating in the GVRD
ranged from 0.47 to 2.74 mg/L and 0.04 to 0.25 mg/L for total and dissolved aluminum,
respectively (GVRD 2006), while effluent values were 0.05 to 0.97 mg/L and 0.02 to
0.16 mg/L. While influent concentrations of total aluminum were generally comparable
between primary and secondary wastewater treatment plants, mean total aluminum
concentrations were higher in primary treatment effluents as compared with those from plants
using secondary treatment, likely reflecting greater removal of particulate aluminum from the
water phase during the coagulation and flocculation process of secondary treatment. In
general, influent concentrations of both total and dissolved aluminum were comparable
between the two types of wastewater treatment. However, estimated loading rates varied
widely between the plants and annually within each plant, with influents ranging from 7.8 to
1,380 kg/d total and 1.0 to 98 kg/d dissolved aluminum, and effluent rates 0.9 to 943 kg/d and
0.2 to 59 kg/d for total and dissolved aluminum, respectively. An analysis of total aluminum
concentrations in treatment plant effluents from 1997 to 2006 indicated that levels had
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remained generally stable around 0.1 to 1.0 mg/L or decreased steadily during this period. A
marked reduction in total aluminum was observed at two plants following the implementation
of secondary treatment in 1998 and 1999, confirming the efficacy of this process in removing
particulate aluminum from water.

2.3.2.2.2 Drinking water

Many drinking water treatment plants in Canada using surface water supplies add
aluminum salts (aluminum sulphate, aluminum chloride or polymer forms) as a
coagulant/flocculent to eliminate organic compounds, micro-organisms and suspended
particulate matter. Treatment with aluminum salts may not necessarily increase the total
aluminum concentration in finished drinking water, as the aluminum associated with
suspended solids is removed. However, aluminum salt addition does appear to increase the
concentration of low-molecular-weight, dissolved aluminum species, which may potentially
present a higher bioavailability (Health Canada 1998b). More information on the
bioavailability of aluminum from drinking water can be found in section 2.3.3.1.1.

For most provinces and territories, data on concentrations of aluminum in drinking
water were obtained directly from municipalities that use aluminum salts in drinking water
treatment (Health Canada 2007b). Data were also obtained from monitoring programs carried
out in five provinces and territories from 1990 to 1998 (Environment Canada and Health
Canada 2000). Over 10,000 drinking water samples from approximately 1,200 sites across
Canada were analyzed over the past 20 years. The majority of the data analyzed was collected
over ten years, in some cases up to 2007 (Health Canada 2007c¢).

In drinking water treatment systems in Canada that have surface water sources and use
aluminum salts, the mean total aluminum concentration was estimated at 101 pg/L.> Mean
concentrations for the different provinces (see Figure 2.3) varied from 20.0 ug/L in New
Brunswick (between 1995 and 2007) to 174 pg/L in Alberta (between 1990 and 2002).

In addition to the analysis of alum-treated drinking water, more than 2,800 samples of
drinking water derived from groundwater sources from various Canadian municipalities were
analyzed. Aluminum salts are not used in treatment of groundwater, except in the case of
certain sites in the Northwest Terr